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THREE-QUARTERS PEACE 


In any analysis of our present situation, we must realize that, 
strictly speaking, we are not now engaged in serious warfare. On 
the other hand, we are hardly living in an atmosphere of peace and 
harmony throughout the world. We are in a state of unrest, more 
properly described in economic terms as “three-quarters peace.” 
Bluntly put, we find ourselves in this situation largely because we 
suffered ourselves to become militarily weak. In order to under- 
stand the full import of this present situation, we must review 
the progressive steps which led up to it—steps which led us from 
the state of a wishful-thinking peace in 1945 to a state now threat- 
eningly close to world war. 


The reduction of our military might through rapid demobiliza- 
tion, after V-J Day, was an important factor contributing to our 
present predicament. This radical reduction of our military forces 
resulted not only in a weakening of our national security but also 
it considerably lessened our world prestige. This reduction in 
our military strength undoubtedly was interpreted as a weakness 
in National Policy, and the armed conflict which has followed was 
intended to test our reactions. Furthermore, in hastening demobili- 
zation, we were forced to abandon much of the material of our 
physical might—and, in several instances to do this in theaters 
where it has fallen into the hands of hostile forces who are now 
using it against us. 

We had the urge of impatience, back there in 1945 and 1946, 
and we were intolerant of military control. These factors resulted 
in reducing the role of the military in government, and also, in 
reducing the influence of the military in the field of foreign policy, 
even reducing military influence in determining our own policy 
in national security and defense matters. 


Further, as contributing to our weakened condition, we lacked— 
or abandoned—a firm policy on the strength of our military forces 
needed for national defense and security. This indecision undoubt- 
edly resulted from a failure to interpret correctly the tenor of the 
times, and a failure to recognize the seriousness of the threat of the 
communist forces which have been opposing us in all areas where 
the United States has an interest. 


The extreme sensitivity of Military planning to the day by day 
political climate has resulted in an uneconomical stop and go pro- 
gram. 


Recognizing the evil intentions of those who oppose our inter- 
ests, it may prove to have been fortunate that the Korean situation 
broke upon us not only with suddenness, but also at a time when 
great effort was being placed upon further reduction of our Armed 
Forces. It is ironic that the Korean crisis revealed that the Com- 
munists did not appreciate the drift of our policy and its weakening 
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influence upon our national security. In fact, had we been left 
to our own devices, we might have lost the ability to react promptly 
against aggression. 


The action in Korea has brought with it an awakened concern 
over both our Asiatic relations and our world-wide relations. 
There has been brought home to us, and particularly to our leaders, 
the cold realization that what has happened in Korea can happen 
in other places. Satellite armed forces can be used against other 
free nations and, in such strength as not only to warrant, but 
actually to require the rallying assistance of all free nations. 


I cite, as a warning to aggressor nations, the recent and vitally 
important action of the Senate in agreeing to the stationing of 
Army Divisions in Europe, and hence an extension of our armed 
strength in support of the free nations of Europe. 


The importance of this action should not go unheeded. The 
Evening Star of April 5th pointed out very cogently, and I quote: 


“The thing that really counts, the thing that history will record 
as one of the most significant developments of our generation, is 
that the Senate has given its approval to the stationing in Europe, 
in peacetime, of a total of six divisions of American troops as a 
garrison force. The Senate has done this in explicit recognition 
of the fact that ‘the threat to the security of the United States 
and to our North Atlantic treaty partners’ makes it necessary to 
station United States armed units abroad so as to ‘contribute our 
fair share of the forces needed for the joint defense of the North 
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Atlantic area’. 


The Senate, in approving this assignment of a portion of our 
military strength to Western Europe, gives clear proof that the 
United States is fully and firmly committed to fight on land, on 
the sea and in the air, if and when Western Europe should ever 
be attacked. There is no equivocation, here, in regard to our 
national interest. 


What is of greater moment, not only actually, but also psycho- 
logically, is our unwavering intention to preserve national security, 
and our fixed determination to render full assistance wherever 
needed to oppose aggression or to protect free nations from hostile 
action. 


We can readily see the manpower implications in the progressive 
steps which have been taken to prevent the spread of communism. 
For example, in 1948, when the government of Czechoslovakia 
was overrun, we temporarily stopped further curtailments in our 
military strength, and more than that, Congress revived in a time 
of peace the Selective Service Act. When the Korean situation 
broke, there was immediately approved a progressively increased 
strength for the armed forces—to their present authorized strength 
of 3% million men. And now, to further augment these actions 
and to provide military strength adequate to support our commit- 
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ments, the Universal Military Training Bill—in a reduced form, 
it is true—will probably be passed by the Congress. 


Furthermore, we have recognized the realities of the present 
situation not only through action taken to increase our armed 
forces, but similarly through the dispatch of additional forces— 
land, sea and air—to the Asiatic Theater. Also, we have taken 
steps to implement the North Atlantic Treaty Organization and 
to lift materially our level of preparedness. All of these actions 
will have a profound influence upon the state, the strength, and 
the readiness of our nation. 


This increased defense effort in all fields, coming when our 
national production is at its height and when employment has 
reached an unparalleled level, is placing demands upon us which 
can be met only by a strong economy capable of producing the 
munitions of war needed to back up our global commitments. These 
demands have resulted in some curtailment of production for 
civilian goods, and it is reasonable to expect that there will be 
additional curtailment. 


It is frequently said that we are traversing the same steps now 
that we traversed in 1940 when we were preparing for what 
became World War II. To a limited degree this is correct. It is 
true that it appears as though the whole horrible apparatus of a 
war economy is being reassembled, with our political leaders 
and our economists looking for the bits and pieces that should be 
culled out and used again. This attitude is reasonable and natural. 
The economic impact of the present creeping mobilization is essen- 
tially the same as that of a fighting war. In both, the economic 
problem is to shift our resources—men, machines and materials— 
away from work on civilian goods and into the production of 
munitions of war. 


There are, however, two fundamental differences between the 
economics of war and the present economics of defense. They are 
differences in scope and in timing. For war, the required effort is 
large-scaled but relatively brief. For defense in a cold war, it is 
less intensive but more prolonged. So much emphasis has rightly 
to be put on the need to make willing sacrifices for defense that 
it is easy to forget how big is the difference in size between what 
is being attempted now and what was done ten years ago. . 

The essence of the war economy of 1939-45 was that a moderate 
inflation was used to lubricate the initial shift of resources to 
military purposes. In this instance inflation was prevented from 
getting out of hand. Resources were removed from the purchasing 
power of inflated private incomes by a variety of physical and moral 
compulsions—on the consumer in the form of rationing, on the 
worker in terms of allocation and direction of labor, and on the bus- 
iness man by virtue of price controls and direct production controls. 
A certain amount of inflation can be accepted in wartime, pro- 
vided it is limited in scope and in duration. But to transfer this 


economic policy to the situation of a “three-quarters peace” could 
be disastrous. 


For one thing, a persistent fall in the value of money, continuing 
over a decade or more, would have disastrous consequences on the 
structure of society, on fixed assets and fixed incomes—in short 
on the flexibility and efficiency of our whole economy. 


The current program for rearmament does not envisage the tre- 
mendous build-up in volume which was stimulated by our entry 
into World War II. Rather, it envisages a normal build-up to a 
plateau level sufficient to meet the early phases of mobilization. 
Once this is attained, the level of production for military items 
may be reduced, at the same time maintaining production lines 
for important items at minimum level, in order to have available 
adequate facilities and experienced personnel. This latter situation 
may be expected to be maintained over a period of several vears— 
five, ten, perhaps even twenty. 

Based upon this premise, there is optimism with respect to the 
production capabilities of the United States. Mr. Wilson has 
reported that “One year from now, with unflagging determination 
and effort, we will achieve a formidable strength in many phases 
of modern warfare. Two years from now we should have military 
and economic strength sufficient to give us reasonable safety against 
aggression”. And finally, he believes, it is possible by early 1953 
that some or all of our controls can be taken off and that more 
effort can be devoted to production for civilian needs. 


It is generally agreed that the success of our production effort 
depends on our winning the battle of inflation. The winning of 
this battle calls for the subordination of selfish ends to the com- 
mon welfare, and to do this in a measure beyond what is com- 
monly demanded in any period short of actual war. It calls for a 
fair presentation of the claims of every segment of society, an open 
and willing participation by all concerned, and a readiness to abide 
by decisions which are arrived at through fair and honest means. 
It calls for every organized group to consider the just demands 
not only of other organized groups, but of the unorganized groups 
as well—the consumer, old John Q. Public—the public as a whole. 


It is imperative, in this critical time of “three-quarters peace”, 
that inflation be brought under control and maintained under con- 
trol. Inflation feeds upon itself; and unless determined and suc- 
cessful efforts are provided for its control, it, rather than the 
enemy, will be the cause of our defeat. For example, the destroyer 
costs today approximately four times what it cost in World War IT. 
As a result of inflationary trends, a 50 billion dollar military pro- 
gram will not buy today as much as a 25 billion dollar program 
did in 1944. In fact, as some one has graphically put it, inflation 
is charged with shooting down 10% of the aircraft which the money 
made available a few months ago was intended to procure. 
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Controls can always, of course, be made to work—at a cost, and 
with some measure of success. But the costs—in bureaucratic inter- 
ference, as well as in money and manpower—may be high. If con- 
trols work badly, they will bring political discredit on the Govern- 
ment—as much discredit as would flow from the alternative policy 
of letting the inflation go unsuppressed, or from the policy of a 
course of retrenchment—long considered “politically inexpedient” 
—which would cut inflation at the source. 


The extent to which we are willing to go in prescribing controls 
(which means rationing) and the extent to which we are willing to 
realize that the administration of controls is necessary to defeat 
inflation, wil! to a large degree determine the measure of our 
success in combatting inflation. However, we should appreciate 
that there are no precedents for the situation with which we now 
have to deal. Certainly, the control provisions which were used in 
World War II will not prove adequate during a “three-quarters 
peace”’. 

In the absence of a national police force, the only means by 
which controls will function effectively will be through the imposi- 
tion, by each person upon himself, of self restraint and self disci- 
pline. In our normal free atmosphere I fear that this will be a 
most difficult task. In this coming situation we will have to 
welcome the opportunity to share equally in sacrifice. The degree 
to which all are willing voluntarily to participate in that experience 
will tell the story. 


There is one outstanding quality of our people, and that is their 
reaction in emergencies. Within the space of my lifetime I have 
witnessed, and to a degree participated in, the supreme efforts of 
both World War I and World War II. Both of those efforts were 
recognized and analyzed at the time as being Herculean. They 
were. The response to our next major emergency, into which we 
have now already entered, can be nothing more—nor less—than 
the same type of effort. 


It has been characteristic of us as a nation to discuss our prob- 
lems, to analyze them, and then even to decide that they are 
impossible of solution. The miracle of our people is that, having 
decided that a task is impossible, they have turned to and per- 
formed it. 


The degree to which we voluntarily unite in the battle of infla- 
tion will mark the degree of our success in winning the battle of 
“three-quarters peace”. 

On the basis of our historical! accomplishments, in the knowledge 
of the tenor of the times, and with faith in the determination of our 
people, I am confident that the present situation will not find us 
wanting. 
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capacity to 48,000 Ibs. 


SUPER TANKERS OF 1950. 


The S.S. Caprinus is the latest of five 
super-tankers for Atlas Tankers, 
Inc. All five of these large modern 
tankers are powered with C-E 
Bent Tube Boilers, two boilers 
per ship. Normal boiler capacity 
is 47,285 lb. of steam per hr. at 
600 psi and 850 F; overload ca- 
pacity to 65,000 Ibs. B-445A 


COMBUSTION ENGINEERING — 
SUPERHEATER, INC. 


200 Madison Avenue * New York 16, New York 


All Types of Steam Generating, Fuel Burning and Related Equipment for Stationary and Marine Applications 
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1500-Pound 
Pressure-Seal Bonnet 
Gate Valve, 
Socket-Welding Ends 


Best Known 
Name in 
Valves and Fittings for 


All Marine Installations 


CRANE CO., General Offices: 
836 S. Michigan Ave., Chicago 5, Illinois 
Branches Serving All Marine Areas 


CRANE 


VALVES + FITTINGS + PIPE» PLUMBING AND HEATING 
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CUTLESS BEARINGS 


for 
Stern Tubes and Struts 


ADVERTISEMENTS ~ ili | 


Soft rubber bearing surface—efficiently lubricated by water—this bear- 
ing far outlasts all hard surface types, protects propeller shafts, reduces 
vibration. More than pays for itself in extra wear alone. Saves you 
time, trouble, and upkeep expense. Write for 60-page booklet. 


LUCIAN Q. MOFFITT, INC. 
AKRON, OHIO 


Seaporcel 


REG. TR. MARK 


is a ceramic coating (fused into its metal base 
at 1550° F.) 


SEAPORCEL increases life of mufflers, tail 
pieces, incinerator uptakes and other parts of 
ships where corrosion, erosion and thermal 

shock are factors. ; 


SEAPORCEL METALS, INC. 
28-20 Borden Avenue 
Long Island City New York 
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= ELLIOTT 


serves the fleet and Naval bases with such equip- 


Deaerating Feedwater Heaters = 
Turbine-Generators « Mechanical Drive Turbines 
[a Condensers Strainers Tube Cleaners 
Information and bulletins on request Q-1075a 


ELLIOTT COMPAN JEANNETTE 


District Offices in Principal Cities — 8 


“Bendix DEPTH RECORDER 


The Bendix Supersonic Depth them. Weighs only 90 pounds. 


Recorder draws an instantane- Easily installed in any conven- 
ous, permanent chart of all ient location. Accurate to 200 
undercraft conditions in their feet or 200 fathoms. Write for 
natural profile as you pass over complete details. 


Division 


Bendix’ Aviation C CONTRACTORS TO THE U. S. NAVY 


THE BERWIND-WHITE COAL MINING CO, 
1 BROADWAY, NEW YORK 4, N. Y. 
PROPRIETORS, MINERS AND SHIPPERS OF 

BERWIND’'S EUREKA 
BERWIND’S STANDARD NEW RIVER and 
BERWIND’S STANDARD POCAHONTAS 


SMOKELESS STEAM COALS 
ALSO 


BERWIND'S STANDARD ELKHORN 
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Built to go ANYWHERE — 
“The Wanderer’s” story 


Still sound and able after 19 years of con- 
stant service under two owners...that is 
the record of Sperry Gyroscope’s marine 
electronics laboratory vessel, The Wan- 
derer. She’s a proud example of sound, 
pioneering design, sound construction ... 
and ample use of Monel® to prevent 
trouble where metal troubles usually start. 


The Wanderer was built in 1930-31 by 
J. F. James & Sons in Essex, Mass. Her first 
owner, R. W. Allen, wanted a motor yacht 
for very long cruises, one capable of going 
almost anywhere in any weather. For this 
service, a staunch, seaworthy hull was a 
necessity. 


The Wanderer’s designers decided upon 
an adaptation of the “Maierform” type of 
deep-sea fisherman hull. The choice was a 
wise one, for she rides clean and dry in 
the severest weather and has kept at sea 
through hurricanes and in long tours of 
wartime service. 


The Wanderer’s power plant is diesel- 
electric. Two Cooper-Bessemer diesels turn 
generators which drive twin 200 hp. elec- 
tric motors, geared to a single 614” dia. 
Monel propeller shaft. 


Monel guards The Wanderer against 
corrosion and costly maintenance in these 
other locations, too: 


@ Rudder and Rudder Post 

@ Stationary Rudder Fairwater 

@ Galley Work Surfaces, Smoke Hood, 
and Trim 

@ Railing and Stanchions 

@ Fuel and Water Tanks, inside and 
outside 

@ All Assembly Bolts for Keel, Keelson, 

Deadwood, and Engine Bed 


In her present role as floating laboratory 
and demonstration craft, The Wanderer 
carries an amazing array of Sperry navi- 
gational aids ... two Gyro-Compasses, 
Gyro-Pilot, Gyro-Magnetic Compass, Mag- 
netic Compass Pilot, Electro-Mechanical 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street, New York 5, N.Y. 


The Wanderer, from U. 
Sperry Gyroscope Company, Division tl 
Corporation, Great Neck, L. I. She is 103 ft. long 
with a displacement of 175 tons. 


The Wanderer’s Monel propeller 
shaft, 62" dia. by 14 ft., was 
machined by the Hyde Windlass 
Co., Bath, Me. Her buoyant 
rudder, (like her fuel and water 
tanks) was fabricated from Monel 
sheet by the Liberty Coppersmith- 
ing Co., Philadelphia, Pa. 


Steering System and Radar. In these in- 
struments, too, corrosion-resistant, non- 
rusting, high strength Monel has an im- 
portant, though unseen part. 


In 1950, The Wanderer was drydocked 
at Jakobsen’s Shipyard, Oyster Bay, L. L, 
for overhaul. Here’s what an inspection 
showed about her Monel equipment: 


1. Her 644 inch dia. Monel shaft, after 
19 years of service, showed an almost 
unbelievably small amount of wear — 
only 0.037 in., on the radius. 


2. All underwater Monel parts were in 
excellent condition. 


3. Monel galley tables, sinks, smoke hood, 
and stove exhaust pipe were in fine con- 
dition. The tables, sink, and trim shone 
like polished silver. 


4. There has been no sign of trouble or 
contamination in fuel or water from 
her Monel tanks. 


The lesson is, of course, unmistakable. 


For maximum service from marine equip- 
ment, Monel is the seagoin’® metal to trust. 
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Griscom-~-Russell 
Distilling Plants 
Feed Water Heaters 
Oil Coolers — Jacket Water Coolers 
G-Fin Fuel Oil Heaters 


Bulletins on Request 


THE GRISCOM-RUSSELL COQ 


285 MADISOM AVENUE, NEW YORK 


GIBBS & COX, INC. 
NAVAL ARCHITECTS AND MARINE ENGINEERS 


ONE BROADWAY - 21 WEST STREET 


NEW YORK, NEW YORK 
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Manufacturers of precision instruments and controls which 
reflect exacting research and engineering. 


INGENUITY IN INSTRUMENTATION 


GYROSCOPE COMPANY 


DIVISION OF THE SPERRY CORPORATION « GREAT NECK, NEW YORK 
CLEVELAND NEW ORLEANS NEW YORK « LOS ANGELES SAN FRANCISCO SEATTLE 


NAV YZ 
ti 


1888-1950 


BATTERIES DEPENDABLE... 


on land, at sea, and in the air. 
THE ELECTRIC STORAGE BATTERY CO., Philadelphia 


Shipbuilders 
and 
Engineers 


* 
BATH IRON WORKS 
BATH, MAINE 


SHIPS OF ADVANCED DESIGN AND FINISHED 
CONSTRUCTION BUILT IN THE BIRTHPLACE 
OF AMERICAN SHIPBUILDING 


a Materials for 
JM MARINE SERVICE 


—Incombustible Joiner Materials Acoustical Materials 
os Ebony for Switch and Ponel Boards + Structural Insulations 
and Engine Room Insulations » Packings + Gaskets ee d 
Johns-Manville 


290. Mew York 


COLLINS RADIO COMPANY 


CEDAR RAPIDS, IOWA 


11 West 42nd Street 2700 West Olive Avenue 
New York 18, N. Y. Burbank, California 


Designers and manufacturers of radio communication 


and navigation equipment for the Armed Services. 
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Sail to Steam... 
65 YEARS OF MARITIME SERVICE 


REPAIRS to sailing vessels were common occurrences in the early years 
of operation of the Newport News Shipbuilding and Dry Dock Company 
soon after its founding by C. P. Huntington in 1886. The four and five- 
mast vessels docked stern to stern in the above view indicate the early 
beginning of the company's policy of thorough planning to expedite 


ship repairs. 

At the turn of the century facilities at Newport News included an 
800-foot dry dock to accommodate the world's largest ships of that time. 
Development and expansion of facilities in the plant have kept pace 
with world maritime progress. Today Newport News has unexcelled 
equipment within the 225-acre plant for the complete on-the-spot execu- 


tion of all types of shipbuilding, ship repair, and conversion work. 


NEWPORT NEWS 


SHIPBUILDING & DRY DOCK COMPANY 


NEWPORT NEWS, VIRGINIA 


i 
1X 
_| 


x ADVERTISEMENTS 


One of seven De Laval- 
C0 NY- powered super tankers 
3 built by the Sun Ship- 
‘ : 5 building and Dry Dock 
U M Company for Tankers, 

Inc., for operation by 


the Socony-Vacuum Oil 


SUPER TANKERS 


Powered hy 


De Laval 


| = Geared Turbines 


Each of these 27,000 ton, deadweight, 628’ Super 
Tankers built by the Sun Shipbuilding and Dry 
Dock Company is powered with a 12,500 SHP De 
Laval cross-compound, double reduction, geared 
turbine propelling unit. 

Write Dept. 4206-29-X 


N-29 


DE LAVAL 


DE LAVAL STEAM TURBINE CO., TRENTON 2, N. J. 


TURBINES e HELICAL GEARS e CENTRIFUGAL BLOWERS AND COMPRESSORS 
CENTRIFUGAL PUMPS e WORM GEAR SPEED REDUCERS e IMO OIL PUMPS 


MARINE DIVISION 
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-oe@ tradition at NEW YORK SHIP | 
Since the first keel for a naval : 

vessel was laid at New York Ship, | ws 
shortly after the turn of the | : . 3 
century, an uninterrupted program te 


of naval construction has been ie 
on the yard schedule. e 

In peace or war, New York Ship 
continues to build for the Navy | : 

tebe to the men who carry 
on the traditions of the founders. 


NEW YORK SHIPBUIL 


‘ 


CAMDEN,N.J. 


| 
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PROPULSION GEARS. 


for more 
than 30 types 
of vessels 


In 1934, Farrel started an intensive program of 
engineering research to develop propulsion gearing 
for the Navy. Since then, the designs produced-have 
been proved at sea in more than thirty different types __ 
of vessels, including destroyer escorts, patro! craft, | ¥ 
seaplane tenders, submarines, submarine tenders, | 
mine sweepers, landing craft, tugs and miscellcineous a. 
service vessels. 


FARREL-BIRMINGHAM COMPANY, INC. \ 


Marine Division: Ansonia, Connecticut: 
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Specification Chemicals for the 
Government and its Contractors 


ACP Specification Chemical 


“Permadine,” “Thermoil (See also U.S. A. 3-213) 
U.S. A. 57-0-2 
U. S. A. 51-70-1 
} RUST REMOVING AND METAL CONDITIONING CHEMICALS 
Specification Number ACP Specification Chemical 
JAN-C-490, Grade 
mic. 10578 


METAL CLEANING CHEMICALS 


Specification Number ACP Specification Chemical 

JAN-C-490 Grade I 

ACID INHIBITORS, PICKLING are 
Additional copies of this chart and descriptive folders on ACP Specification 


Chemicals listed above are available on request. 


Manufacturers of METALLURGICAL, AGRICULTURAL and PHARMACEUTICAL CHEMICALS 


\ %, CHEMICALS 
PROCESSES 
> PHOSPHATIZING, RUST PROOFING AND PAINT BONDING CHEMICALS 
| Specification Number 
AMERICAN CHEMICAL PAINT COMPANY 
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Single-Uptake, Seamless and Welded Tubes 
Controlled 


THE BABCOCK & WILCOX CO. 
ss UBERTY STREET, NEW YORK 6, N.Y. 
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Header-Type 
Water-Tube Marine Boilers 
Superheaters - Refractories 
Oil Burners 
Ate 
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FROM DESTROYER TO. BATTLESHI P 
NOW USE OR HAVE ON ORDER 
DIAMOND. SOOT. 


\ 
WASHINGTON’S 


OLDEST 
COMMERCIAL 
PHOTO-ENGRAVING 
HOUSE 


Each Lanman Engraving is 
engineered from a blueprint 

of rigid quality standards and 
precision workmanship . . . for 
quality and service it’s Lanman! 


ENGRAVING COMPANY 


612 L STREET, N.W., WASHINGTON, D. C. EXECUTIVE 5150 
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XVi ADVERTISEMENTS 


- TAKE ADVANTAGE OF THE 


NAVY-WESTINGHOUSE SERVICE PLAN 


OUSE 
AVY. WESTINGH 
SERVICE PLAN 


the solution © of installation, 
in 


1. For consultation 


operating and maintenance 


ation 
yction of Navy personnel in oper 
instru 
maintenance- 


ent 
correct or prev 
‘eaitch in time” to spection. 
3. For of competent 
trouble 


needed. 
4. For fast, efficient repairs when ne 


Westinghouse maintains 21 Navy Service Consultants 


.. Strategi- 
cally located coast to coast 


.. available FREE to the Navy to discuss 
shipping problems connected with steam or electrical equipment 


To take fullest advantage of this service, consult with the 
Westinghouse Consultant on his scheduled call at your port 


headquarters, or get in touch with the one nearest you. For your 
convenience, here are their various locations 


Seattle Norfolk ~ Port Smith 

San Francisco South Philadelphia East Pittsburgh 

Los Angeles Philadelphia Buffalo 

New Orleans Boston and Honolulu 
J-93469 


OUSC MARINE SERVIC 


= estin 


Courtesy of U. S. Maritime Administration 
S. S. Independence 
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Rear Admiral Louts Dreier, U. S. Navy, 
President of the Society for the remainder of 1951. 
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SECRETARY’S NOTES 


OFFICERS OF THE SOCIETY 


Official orders have removed several of the essential candidates 
of last year’s election from the Washington scene. The Council has 
selected successors to those detached. 

Rear Admiral David H. Clark, U.S. Navy, completed his term 
as Chief of the Bureau of Ships on February 1. It had been ex- 
pected that he would remain in Washington but instead he was 
ordered to command the Norfolk Naval Ship Yard. Upon receipt 
of Admiral Clark’s resignation as President of the Society, the 
Council took. no action immediately. It has now accepted the 
resignation effective on April 28 and has selected Rear Admiral 

‘Louis Dreller, U.S. Navy, to serve out the remainder of the 1951 
term. Admiral Dreller, a Naval Engineer of wide experience and 
well known attainments, is at present on duty in the Office of the 
Chief of Naval Material. 
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SECRETARY'S NOTES 


Captain Charles M. Tooke, U.S. Navy, whose term as a mem- 
ber of the Council was due to expire on December 31, 1951, was 
detached from the Bureau of Ships and ordered to duty as Pro- 
duction Officer of the newly reopened Naval Shipyard at Long 
Beach, Calif. Captain Rawson Bennett, U.S. Navy, was chosen 
by the Council to complete Captain Tooke’s term of office. 

Inasmuch as Admiral Dreller was a member of the Council at 
the time of his appointment to the Presidency, a vacancy was created 
in the Council. This was filled by selection of Captain Joseph V. 
Duval, U. S. Navy who will serve for the remainder of the term 
which expires on December 31, 1951. Captain Duval is on duty in 
the Bureau of Ships as Head of the Electrical Branch. 

Commander C. H. Campbell, USNR, just elected for a two- 
year term to the Council, has been transferred from duty in the 
Bureau of Ships to the Boston Naval Shipyard. He will be suc- 
ceeded on the Council by Captain Fred Weisner, USNR. Captain 
Weisner is employed in the Power Branch of the Office of Naval 
Research. 


The complete roster of the Council as it exists at the time of 
going to press will be found at the head of these notes. 


1951 ANNUAL BANQUET 


In 1950 the annual banquet reached very nearly what was 
thought to be the capacity of the Washington Statler Hotel. A total 
of 1,286 were served. This year, on the closing date, the banquet 
committee had a total of 1,532 legitimate applications in hand. It 
was found possible to expand the capacity to take care of this unex- 
pectedly large number. Needless to say, the added. places: were not 
well placed and a number of members and guests had anything but 
choice seats. 

Decision to accept all applications in spite of the unsatisfactory 
arrangement was done advisedly by the Banquet Committee. The 
assignment of location was arrived at by lot as was announced in 
advance. It is probable that decision will have to be reached next 
year as to whether to repeat the same sort of thing or to limit the 
banquet to members only. 
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In spite of the unhappiness of many because of the poor loca- 
tion of their places, there can be no doubt that the 1951 Banquet was 
an outstanding success. Included among the guests were several 
past presidents and past secretaries of the Society, the Secretary of 
the Navy, the Honorable Francis P. Matthews, Assistant Secretary 
of Defense, the Honorable Marx Leva, two Assistant Secretaries 
of the Navy, the Honorable John Koehler and the Honorable John 
Floberg, and Admiral Forrest Sherman, Chief of Naval Operations. 

The Banquet meeting was presided over by the retiring Presi- 
dent, Rear Admiral David H. Clark, U.S. Navy.. Rear Admiral 
D. W. Leggett, U.S. Navy, officiated as toastmaster. Rear Admiral 
Louis Dreller, U.S. Navy, the incoming President, was introduced. 

The principal and only speaker was Vice Admiral Charles H. 
Noble, U.S. Navy, Chief of Naval Material. His subject, “Three 
Quarters Peace,” presented a very intriguing picture of the current 
mobilization problem. For those who missed the banquet and thus 
were deprived of hearing Admiral Noble’s address, it has been 
printed and is distributed with this issue of the JOURNAL. 


CENTENNIAL OF ENGINEERING, 1952. 

In 1852, the first engineering society in the United States, 
The American Society of Civil Engineers, was founded. Our 
own Society was not founded for 36 years. 

It is planned to celebrate the Centennial of Engineering in 
Chicago from approximately July 1 to September 30, 1952. The 
Board of Directors of Centennial of Engineering, 1952, Inc., has 
invited the American Society of Naval Engineers to join with 
the five constituent societies of the Engineers Joint Council to 
participate. The type of participation suggested was a special 
meeting of the Society to be held in Chicago during the period 
of the celebration. 

The Council fully considered this invitation but reached the 
decision that active participation was not feasible. However, it 
expressed full agreement with the purpose of the celebration and 
requests all members of the Society in the Chicago area to con- 
tribute in any possible way to the success of the undertaking. 
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INTERNATIONAL CONFERENCE OF NAVAL ARCHITECTS 
AND MARINE ENGINEERS, 1951. 

Officers and members of the Society have been invited to 
attend the International Conference of Naval Architects and 
Marine Engineers which is being held between 25th June and 6th 
July 1951, during the Festival of Britain. The Council has taken 
action to designate Captain Ralph K. James, U.S.N., Captain 
Robert A. Smyth, U.S.C.G., and Mr. John C. Niedermaier to 
represent the American Society of Naval Engineers. The two 
latter are members of the Council. Captain James and Mr. Nieder- 
maier are presenting technical papers. 

Copies OF JOURNALS. 

The Librarian of the New York State Maritime College has 
requested assistance in obtaining copies of certain issues of the 
Journal of the American Society of Naval Engineers. The issues 
desired are: 

1902 Volume 14 complete 
1915 Volume 27 complete 
1916 Volume 28 complete 
1922 Volume 34 Number 3 
1926 Volume 38 Number 1 

If any member has any of the above numbers which he would 
like to present to the New York State Maritime College it is 
requested that they communicate directly with: 

The Librarian 
New York State Maritime College 
State University of New York 
Fort Schuyler, 
New York 61, 
N. Y. 
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PART ONE 


ORIGINAL ARTICLES 


The articles which the Editor, acting under the supervision of 
the Council, has accepted for publication in Part One are the 
original works of the authors. 

They are offered in furtherance of the Society’s raison d’etre: 
to further the advancement of naval engineering. Discussion of 
any article is invited for publication in a subsequent issue. 

Permission to reprint is freely granted on condition that full 
acknowledgment is given to the author and to the JouRNAL OF 
THE AMERICAN Society oF NAVAL ENGINEERS. 

All articles which have been written by naval personnel or by 
civilian employes of the Navy Department and are published herein 
carry the personal view of the authors and, unless specifically so 
stated, do not express the official views of the Navy Department. 
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PROBING THE ATMOSPHERE 
WITH ROCKETS 


LIEUTENANT G. R. HILL, USN 


THE AUTHOR 


Lieut. Hit enlisted in the Navy at the age of 17 shortly after graduating 
from the State Secondary Agriculture School, Blountsville, Alabama. He attended 
the Navy Radio School at Naval Operating Base, Norfolk, Virginia in 1929- 
1930 and has been active in Naval communications and electronics ever since. 
He attended the Radio Material School, Bellevue, D. C., in 1940 where he was 
among the first_group to receive technical training in radar in this country. He 
served in the Cruisers Minneapolis, San Francisco and Canberra during World 
War-II. After the USS Canberra was torpedoed off Formosa in 1945 he attended 
radar courses at Massachusetts Institute of Technology and Navy schools in 
Boston while the ship was undergoing repairs. He has since completed a year’s 
college credit through USAFI. Lieut. Hill is now serving on the staff of the 
Director, Naval Research Laboratory where he has been Program Officer for 

- Radio: Division I since 1947. The Rocket Sonde Branch which is engaged in 
research of the upper atmospliére is a branch of this Division (Radio Divi- 
sion I). 


Time: 1017 A.M. (M.S.T.) 

Date: 21 November 1950 

Place: The«lesert floor at White Sands, 
New Mexico 

the Viking was designed and developed 

for just this purpose—to act as a vehicle 


A flash of flame, a s-w-h-o-o-s-h, and 
Viking rocket number five, lifted by 


20,000 pounds of thrust, rose majestic- 
ally from the launching stand on the 
desert at White Sands, New Mexico, 
and soared far up into and beyond the 
earth’s atmosphere into outer space to 
an altitude of 107.5 miles for a new alti- 
tude record for American-built single- 
stage rockets. 

Loaded with nearly seven hundred 
pounds of research instruments the 
Viking again performed its carrier mis- 
sion for the Navy’s Upper Atmosphere 
Research program. Unlike most rockets, 


to carry research instruments into the 
upper atmosphere. The rocket is 48 feet 
long, 32 inches. in diameter and can 
carry a maximum “payload” of 1500 
pounds. The engine burns liquid oxygen 
and alcohol and will deliver a thrust 
of 20,000 pounds for over a minute. 
Empty, the rocket weighs only 2230 
pounds ; loaded, with fuel and research 
instrumentation ‘(referred ‘to as “pay- 
load”) it weighs over 11,000 pounds. 
Stabilized: in -pitch, “roll and yaw by 
internal controls, the Viking is an ex- 
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cellent outer-space laboratory from 
which a study of the upper atmosphere 
is being made in the following fields: 
cosmic rays; the ionosphere; tempera- 
ture, pressure and composition measure- 
ments; and astrophysics involving pri- 
marily the spectrum of the sun. 


The Naval Research Laboratory has 
been exploring the earth’s atmosphere 
since early 1946 with rocket-borne ex- 
periments using captured German V-2, 
and American-built Aerobee and Viking 
rockets as vehicles. 


When it was first proposed to employ 
rockets to study the upper atmosphere, 
the total extent of their usefulness for 
the purpose was largely a matter of 
conjecture. The rocket’s payload limita- 
tions, supersonic speeds, high accelera- 
tion, varying aspect, short flight time 
and self-destructive impact after flight 
were the unknown factors. It was be- 
lieved, however, that the rocket’s main 
advantages would far outweigh the 
shortcomings, and this, in fact, has been 
the case. During the past four years the 
value of the rocket as a research tool 
has been firmly established. 


Initially the Naval Research Labora- 
tory’s Rocket Sonde program contem- 
plated the procurement of a series of 
rockets for use in upper atmosphere re- 
search. Fortunately, however, an invita- 
tion was extended to the Laboratory in 
January 1946, to participate in the V-2 
program by the Ordnance Department 
of the Army. The Army had captured 
100 German V-2 rockets in 1945 and 
brought them to the Proving Grounds 
at White Sands. Here was set up the 
necessary instrumentation to conduct a 
firing program to gain experience in 
the military aspects of handling and fir- 
ing rockets of this size, and to obtain 
information on the technical character- 
istics of the rockets as well as optical 
and radar tracking data. This was the 
beginning of a collaborative program 
(later joined by other agencies) be- 
tween the Naval Research Laboratory 


and the Ordnance Department of the 
Army. 


The Ordnance Department of the 
Army agreed to furnish and fire the 
V-2 rockets while the Naval Research 
Laboratory would coordinate the upper 
atmosphere research to be done in the 
\-2’s. To facilitate this coordination, a 
V-2 panel was set up, composed of 
members of various universities and 
activities contemplating upper atmos- 
phere work, thus bringing the best 
brains in the country together in order 
to achieve the best possible coordina- 
tion for such a vast program. The five 
principal activities having the most ex- 
perience and adequate facilities to carry 
out this coordination were: the Naval 
Research Laboratory, under the Office 
ot Naval Research, the General Electric 
Company, the Applied Physics Labora- 
tory, Johns Hopkins University, the 
Air Materiel Command, and the Signal 
Corps. All of these activities are sup- 
porting or coordinating the work of 
numerous other universities and agen- 
cies. The Office of Naval Research has 
contracts with a number of universities 
including Princeton, Harvard, Yale, 
Michigan, New Mexico A and M, Johns 
Hopkins and the University of Chicago. 


The plan to use V-2 missiles as ve- 
hicles for atmospheric research gave 
rise to the need for the, design and 
construction of special “warheads” 
suitable for the contemplated experi- 
mentation and other essential equipment 
for use in a rocket program. The war- 
head, or instrumentation section, which 
was specifically designed for the pro- 
gram permitted the experimental equip- 
ment to be assembled and installed at 
the laboratory and the entire assembly 
then flown or shipped to White Sands 
to be fitted on to the V-2 frame for 
firing. (This method is now used when 
firing the new Viking.) A tremendous 
amount of design work was necessary 
to provide electronic instrumentation 
for obtaining, transmitting, and record- 
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ing data. This included telemetering 
equipment for sending all information 
back to the ground stations during 
rocket flight, and other special purpose 
transmitters and receivers. A frequency 
modulated radio control system was 
modified to provide for cut-off of the 
rockets’ fuel by an operator on the 
ground if the rocket should depart from 
its prescribed course and head outside 
the firing range.1 In addition, specific 
equipments were designed and con- 
structed for individual research experi- 
ments. These included a cosmic ray 
electronics counter, amplifiers for tem- 
perature and pressure measuring units 
and a three-channel ionosphere transmit- 
ter. All equipment had to be mounted 
so as to withstand an upward accelera- 
tion of 6 g’s (192 feet per second, per 
second). 


On 28 June, 1946, the Naval Re- 
search Laboratory fired its first rocket 
at White Sands Proving Grounds. This 
rocket, V-2 number 6, attained an alti- 
tude of 68 miles and carried instru- 
mentation to determine the nature of 
primary cosmic radiation and to make 
temperature and pressure measurements 
of the upper atmosphere. 


This flight marked the beginning of 
the “rocket era” for upper atmosphere 
research. At the present time the Lab- 
oratory has fired 13 V-2’s, 6 Aero- 
bees, and 5 Vikings, most of which have 
been successful. (Many NRL experi- 
ments have also been flown in rockets 
fired by other agencies.) Much data 
has been obtained, analyzed and re- 
ported. This information has contributed 
greatly to the nation’s store of knowl- 
edge in this field. 

It was recognized that the supply of 
the V-2 rockets would be exhausted in 
a period of about two years by the many 
agencies engaged in this field of re- 


search unless a new source of supply 
could be obtained. Although the V-2 is 
a good vehicle, it was designed as a 
long range weapon rather than as a 
high-altitude sounding rocket and, as 
such, has many shortcomings. Its 
greatest disadvantage is the lack of 
stability in flight and the fact that a 
2000 pound payload is required for any 
degree of aerodynamic stability. It then 
becomes necessary to use ballast, in 
addition to instrumentation, in order to 
obtain a stable flight. 


In the spring of 1946 the Naval Re- 
search Laboratory made a study leading 
to the design of a new high altitude 
sounding rocket. On the basis of this 
study, it was decided to develop a new 
rocket rather than to procure American- 
built copies of the V-2. It was found to 
be more economical to design a high 
altitude sounding rocket in accordance 
with the specifications drawn up, as a 
result of this study, than to make copies 
of the German V-2, modified to serve as 
an upper atmosphere research vehicle. 


At about the same time the Naval 
Research Laboratory also collaborated 
with the Applied Physics Laboratory 
(Johns Hopkins University) which was 
under contract to the Bureau of Ord- 
nance, Navy Department, in the pro- 
curement of a series of small rockets 
for sounding the atmosphere. The in- 
tention of this development program 
was to provide a relatively inexpensive 
rocket that would be able to carry a 
payload of 150 pounds, in a volume not 
exceeding 3 cubic feet, to a minimum 
altitude of 56 miles above sea level. It 
should also possess structural and sta- 
bility characteristics that would permit 
it to carry a 300-pound payload at lower 
altitudes. This type of rocket is quite 
adequate to carry at least one worth- 
while experiment in almost any field 


1The Naval Research Laboratory | has continued to pen the entire V-2 
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Viking with South Fin Removed (Ready for Static Firing) 
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of upper atmospheric physics and in 
many cases will (and has) carried 
several experiments. The contract, spon- 
sored by the Bureau of Ordnance, Navy 
Department, was: awarded to the Aero- 
jet Engineering Company of Azuza, 
California on 17 May, 1946, for the de- 
sign, testing, and fabrication of 20 
sounding rockets. The rocket was named 
the Aerobee. About 35 Aerobees have 
been fired to date. They have proven to 
be excellent and economical vehicles 
for certain phases of upper atmosphere 
research. 


The specifications drawn up as a re- 
sult of the special study of existing 
rockets and including the requirements 
imposed by the upper research workers, 
were submitted to a number of manu- 
facturers. In the summer of 1946 a 
contract was awarded to the Glenn L. 
Martin Company of Baltimore, Mary- 
land, for the development and construc- 
tion of 10 high-altitude sounding rockets. 
The development and construction of 
a 20,000 pound thrust, liquid-oxygen, 
alcohol motor was individually con- 
tracted for with Reaction Motors, Inc., 
of Lake Denmark, N. J., through the 
Bureau of Aeronautics, Navy Depart- 
ment. This rocket, called the Viking, is 
a vertically launched, jet stabilized 
rocket which carries a somewhat lower 
payload than the V-2 (on an equal alti- 
tude basis) but is more flexible in its 
payload-altitude variation. 


The basic policy of the Viking con- 
tract, prompted by the highly experi- 
mental and developmental nature of the 
work involved, provides that the design 
of each succeeding rocket shall be based 
on the experience gained from tests and 
firings of all preceding rockets. In view 
of the high percentage of failures in 
past rocket programs, it was stipulated 
in the contract that every reasonable 
and possible preflight test should be 
made to determine the performance 
characteristics of each assembled rocket 
before it is launched. This policy re- 
quires that the final assembly of each 
succeeding rocket can be started at the 
factory only when the Scientific Offi- 
cer? at the Naval Research Laboratory 
determines what modifications are to be 
made in that rocket based on the “static 
firing”*® and on the actual firing of the 
preceding rocket. 


During the period of the Viking de- 
velopment the rocket experts of the 
Rocket Sonde Group at NRL divided 
their time between the Viking program 
and the job of modifying, readying, 
servicing and firing V-2 and Aerobee 
rockets. Upper atmosphere research 
went right ahead in all its phases. Spe- 
cial telemetering equipment* was de- 
veloped which has now been adopted as 
one of the two standard pulse systems 
for all activities engaged in rocket prob- 
ing of the upper regions. 


2? Mr. Milton Rosen is the Viking Scientific Officer for NRL. Much credit is due him for the success 
of the rocket. 


3 When a rocket is “static fired,” it is bolted to its supporting stand to prevent take-off. Otherwise, 
it is fueled to capacity and allowed to run at full power until fuel burnout. The performance of the 
various systems and components of the rocket, i.e., the motor, controls and research instrumentation, 
is measured and analyzed under simulated flight conditions. 


* The telemeter is an electronic system which translates information received from each instrument, 
such as Geiger counters, etc., into radio signals and sends it from the rocket in flight to a ground sta- 
tion. There it is received and recorded on film. These films are developed and are later taken back 
to the laboratory for analysis. From these records information is obtained on the rocket flight char- 
acteristics, motor performance, missile aspect and data from numerous scientific experiments. The 
system uses 30 channels and, by sub-commutation, 450 distinct messages or types of information can 
be telemetered continuously and simultaneously to the ground for recording. 
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Viking No. 1, Fired on 3 May 1949 at White Sands Proving 
Grounds to Altitude of 50.36 Miles 


THE FIRST VIKING 


The first Viking arrived at Oro 
Grande, New Mexico, from the Glenn 
L. Martin Company plant on 15 Janu- 
ary 1949 (about two and one-half years 
from the time the contract was let) and 
was transported to the Navy technical 
area at the Naval Unit White Sands 
Proving Grounds where preflight tests 
were conducted by Naval Research 
Laboratory personnel. This included a 
bench test of components, functional 
tests of the control system and of the 
power plant. Upon completion of these 
tests on 1 February 1949, the rocket was 
moved to the launching site for a series 
of operational rehearsals. It was erected 
and aligned on the launching stand. 
Preflight tests were again’ made and 
servicing and firing rehearsals were 
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conducted. The time required for each 
and every operation was recorded and 
procedures were established for use in 
actual static test and for flight opera- 
tions to follow. This was America’s first 
large American-built vehicle for upper 
air research and no firing procedures 
were known. Ground equipment was 
checked out. Test runs on fueling of 
alcohol, oxygen, hydrogen peroxide and 
nitrogen gas were made. 


The rocket was then returned to the 
hangar and the nose (warhead) instal- 
lations were completed. The entire 
rocket instrumentation was checked out 
and calibrated. An interference test in 
which all electrical components of the 
rocket are operated simultaneously was 
conducted and the rocket again erected 
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at the launching site on 25 February 
1949. 


In addition to instrumentation for 
upper atmosphere research, all Viking 
rockets carry instrumentation for de- 
termining flight trajectory, rocket as- 
pect, power plant performance, skin 
temperatures, and stabilization system 
performance. These data are telemetered 
to the ground where they are recorded. 


The determination of the rocket’s 
trajectory as a function of time is of 
primary importance. Several of the 
contributory systems employed to deter- 
mine trajectory are: a beacon installed 
in the rocket which emits a signal dur- 
ing flight. This signal is tracked by 
radars on the ground and provides bear- 
ing and distance data; a doppler radio 
system in the rocket and on the ground 
provides continuous velocity; a mag- 
netically damped accelerometer mounted 
in the rocket responds to longitudinal 
accelerations and in conjunction with 
the gyro signals, by numerical integra- 
tion, provides velocity and altitude; 
various gauges measure atmospheric 
pressures during flight. This pressure 
data is later compared with previously 
obtained data on the variation of atmos- 
pheric pressure with altitude and the 
rocket’s altitude as a function of time 
may be determined. (This installation 
serves as a highly sensitive barometic 
altimeter ). 


Rocket aspect is obtained by optical 
tracking with telescopes located on the 
ground, by signals telemetered to the 
ground from the pitch, yaw and roll 
gyroscopes and by cameras flown in the 
rocket. The cameras obtain photographic 
records of the rocket’s aspect with re- 
spect to earth coordinates. 


Power plant performance is measured 
by various pressure pickups and a tur- 
bine speed tachometer whose outputs 
are telemetered from the rocket to the 
ground. With these pressure pickups it 
is possible to measure the performance 


of almost every component in the power 
plant, viz. turbine nozzle block pressure, 
pump pressures, exhaust pressures, etc. 


Stabilization system performance is 
also measured by signal pickups from 
the gyros and recorded on the tele- 
meter films. 


Atmospheric and ambient pressure 
measurements are made. Temperature 
gauges are mounted along the skin of 
the rocket, on the control power supply 
and in the tail section near the power 
plant. 


On March 7 the first attempt at static 
firing was halted when several electrical 
troubles developed. On March 8 and 
again on April 22nd and 25th static 
firings disclosed malfunctioning of com- 
ponents. Various electrical and me- 
chanical troubles were eliminated one 
by one until tests showed the rocket 
ready for flight. 


The Viking was launched at 0914 
(M.S.T.) on 3 May 1949. It rose 
slowly, majestically ! Lifted by its 20,000 
pounds of thrust it gradually picked up 
speed until fuel burn-out. At that time 
it had attained an altitude of 14.6 miles 
and a velocity of 3450 feet-per-second 
(2350 mph). It soared on under its 
momentum to a peak altitude of 51.5 
miles and returned to earth ten miles 
north of the launching site. 


Telemetering of the data back to the 
ground was highly satisfactory. The 
Impact Computer predicted the rocket’s 
impact almost exactly at its actual im- 
pact point. Fairly complete data on 
flight trajectory were obtained. Valu- 
able upper atmosphere research data as 
well as complete motor performance 
data were obtained. The first Viking 
was a success! 


It is true that the altitude hoped for 
was not attained, however the failure 
of the Viking to obtain greater altitude 
was caused by excessive heat in the 
power plant section. Postfiring in- 
vestigations revealed that minute steam 
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leaks had caused damage to electrical 
wiring following which the power plant 
protective devices shut the motor off. 
The hydrogen peroxide generates the 
steam which drives a turbo-pump that 
pumps the alcohol into the engine where 
it is mixed with the liquid oxygen for 
burning. Computations based upon the 
amount of oxygen and alcohol remain- 
ing®> in the rocket at burn-out indicate 
that a total burning time of 61 seconds 
would have obtained had the engine not 
shut off. This would have given a peak 
altitude of 98 miles. 


The over-all results of this first Viking 
flight were particularly gratifying. It 
proved the soundness of the rocket de- 
sign and of the motor. In addition it 
provided valuable upper atmosphere re- 
search data. If one should review all 
other attempts to develop and fire a 
new type of rocket, (The Germans, it 
is understood, required 200 test firings 
before the V-2 rocket went into produc- 
tion as a war weapon), the achievement 
of so successful a first flight would 
appear miraculous. 


THE SECOND VIKING 


On September 6, 1949, the launching 
and flight of Viking number two rocket 
was achieved at White. Sands Proving 
Grounds. It reached a peak altitude of 
33 miles which was considerably less 
than the predicted altitude. This was 
due to a premature cutoff in the propul- 
sion system. However the static and 
flight firings produced significant data 
on measurements of rocket performance. 
Rocket-borne and range instrumenta- 
tions functioned satisfactorily with the 
result that the Viking program was 
advanced substantially. The design of 
the rocket structure, power plant and 
control system was again shown to be 
sound basically. Photographs of the 
earth were taken at an altitude of 31.5 
miles and atmospheric pressure measure- 
ments were successfully made during 
the flight. 


The rocket was purposely severed by 
explosives at an altitude of 30 miles on 
its descent to facilitate recovery of film 
records and other instruments and com- 
ponents. Radio transmission (telemeter- 
ing) techniques afford a fruitful means 
of obtaining data, however, some ex- 
periments require physical recovery of 


data. For example, data recorded on 
photographic film or radiation-sensitive 
emulsions must be recovered physically 
and be intact. 


Based on computations that the two 
severed fragments would be aero- 
dynamically unstable and would en- 
counter much greater deceleration on 
their descent, it was decided to sever 
the instrumentation compartment from 
the after-body before the rocket, on its 
downward flight, reached the more 
dense atmosphere. This was done with 
explosives set off by radio signals. This 
method was very successful. Each sec- 
tion “maple-leafed” comparatively slowly 
to the ground. The nose cone was found 
in good condition about 2 miles east of 
the main body. The gas sphere and the 
rocket motor were found to be in a re- 
usable condition! All cameras were re- 
covered. Two of three X-ray densitom- 
eters were found in good condition. 
Three out of four films were found suit- 
able for developing. Items that required 
recovery were painted a bright orange 
to make them more conspicuous. This 
greatly aided the searching parties in 
locating them after impact. 


5 The amount of fuel used (alcohol and oxygen) is continuously telemetered back to the ground 
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Viking No. 3, Fired on 9 February 1950 at White Sands Proving 
Grounds to Altitude of 49.5 Miles 


THE THIRD VIKING 


Incorporating numerous modifications 
and changes, Viking number three was 
readied and instrumented by 7 Febru- 
ary 1950, and was fired on that date. 
It carried a payload of 528 pounds of 
scientific instruments to an altitude of 
50 miles. It was necessary, however, to 
cut off the fuel in the middle of the 
flight and bring the rocket to earth 
prematurely in order to insure its im- 
pact within the boundaries of the firing 
range. 

The rocket kept programming west- 
ward and its flight was purposely ter- 
minated. This was done by radio con- 
trolled fuel cut-off valves which func- 
tioned perfectly on command. The motor 
was performing beautifully and tele- 


metering signals were excellent. The, 


rocket at the time of cut-off had attained 
a velocity of over 2000 miles per hour. 
Analysis of the records indicate that an 
altitude in excess of 100 miles would 
have been attained if the flight had not 
been halted. Excellent scientific data 
were received from telemetering records. 
The comparatively low peak altitude 
reached did not by any means spell 
failure from the standpoint of upper 
atmosphere research. A subsequent in- 
vestigation and analysis of the records 
disclosed that the control system pro- 
grammed the rocket in a westerly direc- 
tion because of improper alignment of 
the pitch and yaw gyro, the fin-tabs, 
and because of inadequacies in the roll 
amplifier. 
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THE FOURTH VIKING 


Early in the Viking development pro- 
gram the Naval Research Laboratory 
was requested by the Chief of Naval 
Operations, Navy Department, to de- 
sign the Viking so that it would be suit- 
able for launching from a naval ves- 
sel in order to test methods of launch- 
ing large, stabilized rockets at sea. 


The Navy in September 1947, 


launched a German V-2 from the deck . 


of an aircraft carrier, the USS Midway, 
in the vicinity. of Bermuda. This firing, 
although not successful from the stand- 
point of rocket flights, clearly demon- 
strated that shipboard launchings were 
feasible. The Chief of Naval Operations 
had designated as an _ experimental 
guided-missile ship the USS Norton 
Sound (AV-11), formerly a seaplane 
tender, and in the spring and summer 
of 1948 it was converted at the Naval 
Shipyard, Philadelphia, Pa., to be used 
as a facility for the evaluation of guided 
missiles and as a mobile launching site 
for scientific investigations using rock- 
ets. 


While the Norton Sound was being 
converted as a guided missile ship and 
during the development of the Viking, 
the Naval Research Laboratory went 
ahead with plans for a Viking firing at 
sea. A study was made of the handling 
and launching problems, and of tele- 
metering, tracking, radio interference, 
and numerous other problems which 
would arise from shipboard operations 
which are not normally presented at 
the White Sands launching site. 


Aside from any military value such an 
operation might have, the scientists 
were eager to fire from shipboard. This 
would permit studies of the atmosphere 
and high-altitude phenomena at geo- 
graphic locations other than at White 
Sands, New Mexico. From indirect, 
ground-based operations, it was already 
known that upper-air phenomena vary 
markedly with geographic position. 


Confident that the Viking was now ready 
to fulfill its primary purpose—an upper 
air research laboratory—NRL in August 
1949 requested the use of the USS 
Norton Sound (AV-11) for firing Vi- 
king rocket number four. 


It was particularly desired to obtain 
cosmic ray data at the geomagnetic 
equator in order to measure the pene- 
tration of cosmic ray particles at that 
location. At the geomagnetic equator the 
earth’s field deflects all particles east- 
ward or westward depending upon their 
charge, except for particles having high 
energy. The Applied Physics Labora- 
tory, Johns Hopkins University, scien- 
tists had conducted measurements from 
the Norton Sound at the geomagnetic 
equator off Peru in March 1949, using 
the medium-altitude research Aerobee 
rocket. By extending this work it was 
hoped to obtain more fundamental 
knowledge of the basic properties of 
radiation. It was also desired to meas- 
ure upper-air pressures at the geo- 
graphic equator. 


The request to use the Norton Sound 
was approved and “Project Reach” was 
established. Its objectives were to launch 
an upper-atmosphere research vehicle 
for the study of cosmic radiation at the 
geomagnetic equator and to gain prac- 
tical experience in the shipboard han- 
dling, launching and tracking of large 
bombardment-type missiles. The launch- 
ing date was set as 10 May 1950. 


To satisfy the requirements of the © 
Cosmic Ray Group, who wanted to go 
to the geomagnetic equator, and of the 
Upper-air Pressure Group who wanted 
to conduct measurements at the geo- 
graphic equator, it was decided to fire 
the rocket at the intersection of the 
earth’s geomagnetic and geographic 
equators. This intersection, in the Pa- 
cific, lies at 160° West Longitude on 
the geographic equator, about 60 miles 


_south of Christmas Island. 
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Viking No. 4 Fired on 11 May 1950 from the U.S.S. Norton Sound 
hic to Altitude of 106.4 Miles 
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Preparations for this project took 
about seven months. It involved changes 
to the ship structure, a new type 
launcher, electronic modifications for 
tracking, repackaging and _ installation 
of the NRL telemetering system, spe- 
cial power sources and others too nu- 
merous to mention here. The program 
was a coordinated effort with allocation 
of responsibilities for various phases of 
the project being given to several Na- 
val activities. The Naval Research 
Laboratory was charged with the tech- 
nical direction of rocket preparations, 
handling, launching, and tracking in 
addition to supplying all test and servic- 
ing equipment, the launcher and the 
rocket, and instrumentation for all upper 
atmosphere research experiments. The 
Norton Sound exercised operational 
and tactical direction and control of 
the project. The Bureau of Ships co- 
ordinated and performed the necessary 
modifications to the ship. The Bureau of 
Aeronautics supplied photographic cov- 
erage for documentation and was re- 
sponsible for the design of the launch- 
ing equipment. 


After much hard work, many confer- 
ences, changes, modifications, designs, 
developments, more conferences and 
more hard work, the USS Norton 
Sound, commanded by Captain John 
Quinn, USN, sailed from Port Hueneme, 
California, at 1000 26 April 1950, with 
Project Reach personnel, headed by Dr. 
Homer E. Newell, Jr., NRL, aboard 
bound for that spot in the Pacific where 
the equators intersect. The destroyer, 
USS Ozbourn, detailed to assist in the 
operations primarily for tracking of the 
rocket’s flight, joined up about 25 miles 
west of San Diego, California, and be- 
came a part of Project Reach Opera- 
tions. 


NRL scientific personnel, who had 
been aboard since early in April pre- 
paring the rocket and instrumentation 
for flight, were working day and night 
in an effort to meet a new and optimis- 
tic launching date of 5 May. The high 


humidity of tropical night air was a 
source of considerable trouble in the 
electronic circuits, particularly the high 
voltage circuits in the cosmic-ray ex- 
periments. 


On 1 May the Viking was erected on 
the launching stand, on the after deck 
of the ship, and final installations were 
completed and it was ready for tests. 
The ship arrived in the launching area 
on 5 May—passing close aboard Christ- 
mas Island. A helicopter was sent in to 
inform the inhabitants of a proposed 
visit by personnel of the ships after com- 
pletion of the firing. 


Humidity and other troubles occurred 
and, although individually minor in na- 
ture, they were sufficient to cause post- 
ponements. In the meantime the ship 
maintained an operating radius within 
the firing area so that it could be on 
station at any time when the Viking 
was ready for take-off. Incidentally, the 
realm of Neptunus Rex at the geographic 
equator was crossed and recrossed nu- 
merous times. By special permission of 
King Neptune, the paying of respects 
to the Royal Court by Shellbacks, and 
the cleansing of the scurvy Pollywogs 
and initiation ceremonies were delayed 
until after the firing. (It is presumed 
King Neptune has no jurisdiction over 
the geomagnetic equator except where 
it intersects his domain). 


On May 11, tests and checkouts pro- 
ceeded to X-2 hours with everything 
clear and, from this point on, operations 
proceeded exactly on time. 


At 1600 local time the Viking was 
fired. It roared up to an altitude of 
105 miles, reaching a peak velocity of 
5160 feet-per-second (approximately 
3600 miles per hour). With almost a 
thousand pounds of payload this alti- 
tude could only be theoretically obtained 
if everything worked out perfectly. Op- 
timum conditions of fuel, mixture, 
thrust, etc., were achieved. Viking 4 
was a success! Project Reach was a 
success! The Viking splashed into the 


304 


ROCKETS 


sea seven and a half minutes after take- 
off, a souvenir in Davey Jones Locker 
-—a gift to King Neptune. 


The objectives of Project Reach have 
been attained. Analysis of the scientific 
data recorded on the telemetering rec- 
ords have not been completed as yet 
but the information is available for 
study. Military objectives were met and 
step number four of the Viking develop- 
ment program has been taken. Much in- 
formation was received on flight char- 
acteristics and motor performance which 
was useful in improving Viking 5 
and will go to improve numbers 6 to 10. 
Invaluable training was received and 
the Navy’s guided missile program has 
been significantly enriched. 


King Neptune and his Royal Court 
came aboard on 12 May and hundreds 
of pollywogs were initiated into the 
Royal Order of The Shellbacks—in- 
cluded were Dr. Homer Newell and 
most of his scientists. 


A visit was made to Christmas Island, 
where the natives and scientists found 
mutual interests—each about the other. 


A stop-off in Honolulu of 3 days was 
made on the return trip back to the 
U.S.A. which was spent in sightseeing 
and relaxing in the Waikiki Beach area 
plus the usual trips about the island. 


MORE ABOUT TODAY’S 


The flight of Viking 5 today was a 
continuation of the experimental test 
firing program. Data obtained on flight 
trajectory, rocket aspect, motor per- 
formance, stabilization before and after 
fuel burn-out, base pressure, skin tem- 
perature, and air temperatures in the tail 
section during powered flight are im- 
portant to the rocket program and may 
affect the design characteristics of the 
next five rockets. All firings through 
number 10 are considered rocket test 
flights. 


A V-2 in Preliminary Stage of Take-off 


FLIGHT—VIKING 5 


Included in the “warhead” were upper 
air research instrumentation designed 
to measure the electrostatic field at the 
rocket’s skin; to determine the proper- 
ties of the ionosphere by means of radio 
propagation and by direct measure- 
ments; to measure solar X-radiation by 
photo-emission, scintillation counter, 
ionization chamber and _ photographic 
techniques ; and to measure atmospheric 
pressure up to the highest altitude ob- 
tained. 
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Excellent telemetering records were 
received throughout the flight until the 
rocket broke up at an altitude of 
slightly above three miles from the earth 
on the downward leg. For reasons, not 
yet explained, the explosives placed in 
the rocket to sever the instrumefitation 
compartment from the body of the 
rocket, to facilitate recovery of certain 
instruments, failed to detonate. Appar- 
ently the rocket broke up due to the 
extreme speed and force of fall. It scat- 
tered debris over an area of several 
miles. Despite this, however, one aspect 
camera, three of six X-ray densitom- 
eters and one film transport densitom- 
eter were recovered in excellent condi- 
tion. At least one item of each type of 
experiment for which physical recovery 
was desired, was recovered. 


The film from the rocket aspect 
camera has been developed. It is com- 
plete, without a break, throughout the 
flight. It covered through the peak and 


almost all the way down before the film 

itself ran out. ; 
Scientific records from Viking 5 are 

more complete and better than from any 


rocket previously fired. The scientists 


are jubilant! As one NRL physicist put 
it, “We have a pot full of data”—data 
awaited by scientists in this field of 
research throughout the world. It will 
be months, years probably, before all 
conclusions have been drawn. 


Interspersed in the Viking rocket firing 
program for upper atmosphere research, 
throughout this period, were Aerobee 
and V-2 firings. These vehicles were 
necessary for certain types of experi- 


‘ments, in the case of the Aerobee, and 


in order to maintain a well-paced re- 
search program. Viking deliveries in 
the development program were not fast 
enough to provide an optimum research 
program and the V-2 was used to fill 
firing gaps in the program. Only four 
V-2’s are now left, available to the pro- 
gram for firing. 


WHY UPPER ATMOSPHERE RESEARCH ? 


The mystery of what lies beyond the 
earth’s atmosphere has fascinated man 
throughout the years. Even in ancient 
times men wondered about heavenly 
bodies, were mystified by what they saw 
and held many superstitious beliefs as 
the result of their ignorance. Later 
telescopes were used and it was the 
Greek star-gazers who first observed 
that a few of the many heavenly bodies 
wandered across the sky instead of 
maintaining fixed positions. These 
bodies were called planets, a word de- 
rived from the Greek word “wanderer.” 
As man has learned more and more 
about what lies beyond the earth’s at- 
mosphere he, more recently, has ex- 
panded his studies to include the earth’s 
atmosphere itself. 


Atmospheric research comprises a sig- 
nificant part of the nation’s military re- 


search program. As the medium in 
which, through which and by which, 
men and most vehicles move, the at- 
mosphere exerts an inescapable and 
sometimes controlling influence on mili- 
tary activities. An appreciable part of 
the atmospheric research is devoted to 
high-altitude research by means of 
rockets. As the region in which large 
rockets must fly, the importance of 
knowledge of this region to future mili- 
tary operations is considerable. 


The Rocket Sonde Research Branch 
was established at the Naval Research 
Laboratory on 17 December 1945. Its 
function is “to investigate the physical 
phenomena in, and the properties of, 
the upper atmosphere.” This program is 
the natural outgrowth of the Labora- 
tory’s work on the upper atmosphere 
during the two decades preceding World 
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War II, as well as its work on guided 
missiles during the war. 


For many years various groups at the 
Laboratory had been doing research on 
the upper atmosphere including work 
on the ionosphere; pressure, tempera- 
ture and composition measurements ; sky 
brightness studies; and atmospheric 
electricity studies. The work of Drs. 
Hulbert, Gunn, Maris and Taylor since 
1920 is widely known and their contri- 
butions to science in these fields well 
recognized.® 


COSMIC 


Little is known about the invisible 
electrical and related phenomena origi- 
nating outside the earth’s atmosphere 
which include cosmic and other types 
of rays. Cosmic rays are believed to 
consist of electrons, protons, helium 
nuclei and other minute particles travel- 
ing through space. These particles have 
enormously high energies and are con- 
tinuously bombarding the earth. Cosmic 
rays having as much as a trillion elec- 
tron-volts have been measured at sea 
level. Most of the primary particles are 
absorbed or broken up into secondary 
showers upon reaching the more dense 
earth’s atmosphere. The source of these 


The aims of the Naval Research 
Laboratory’s program are: to make 
valuable additions to the nation’s store 
of basic knowledge; develop and train 
scientists in new and basic skills; and 
to produce new and useful instruments 
and equipments. This program has two 
phases: (1) upper atmosphere re- 
search; and (2) ‘rocket research and 
development. 

Phase (1) consists of basic research 
in cosmic rays, atmospheric pressures, 
temperatures and compositions, and ion- 
ospheric and solar radiation studies. 


RAYS 


rays is unknown. It is known, however, 
that some solar flares or sun-spot activi- 
ties cause an increase in the bombard- 
ment. It is possible that the basic phy- 
sical knowledge obtained from _ the 
study of cosmic rays may some day be 
as important as fission of uranium is 
today. These studies form an important 
part of present day nuclear research. 
Using the rocket as a laboratory it is 
possible to observe and study particles 
having far higher energies than can 
ever be generated in the man-made ma- 
chines, such as cyclotrons, betatrons, 
etc., in the research laboratories. 


THE IONOSPHERE 


The atmosphere may be said to con- 
sist of four gaseous shells; the tropo- 
sphere, the stratosphere, the ionosphere 
and the exosphere. These gaseous layers 
are not marked by sharp changes in 
characteristics but are regions charac- 
terized by certain physical features. 
The ionosphere is that shell between 
the stratosphere and the exosphere. It 


exerts a great influence upon radio 
communication and is found to vary in 
heights between approximate altitudes 
of from 50 to 450 mile:, subject to 
diurnal and seasonal variations. Ioniza- 
tion increases generally, with increasing 
altitude. Maximum ionization layers 
within the ionosphere are further de- 
fined by altitude levels and tempera- 


*It might be mentioned that one of the “by-products” of the ionosphere work in those early years 
was a pulse modulator developed to measure the height of the ionosphere. This same pulse system was 
wuleret in, and might be called the heart of, RADAR which played an important role in World 


War 
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ROCKETS 


tures. The D layer, having normally 
slight effect upon radio communication, 
is the seat of fade-out disturbances 
which blank communications for min- 
utes of time, is in the region around 
and slightly below about 60 miles. It 
lies in the temperature region of about 
32° Fahrenheit. The E, F, and F, 
layers, consecutively, are more densely 
ionized and are at greater altitudes and 
in higher temperature regions. The F, 


or top layer is in the region of around 
4000° Fahrenheit, at an altitude as high 
as 450 miles and has maximum ioniza- 
tion. 

The ionosphere is closely linked with 
and directly affects communication 
along the surface of the earth; and to, 
from, and between, high flying rockets. 
It also influences the radio noise signals 
recently detected as emanating from the 
sun and regions of inter-stellar space. 


TEMPERATURES, PRESSURES AND COMPOSITION 


The temperature-pressure-composition 
studies are providing knowledge about 
the atmosphere which are of extreme 
importance in the design of rockets and 
aircraft. For example, skin temperature 
measurements enable rocket and missile 
engineers to efficiently design the skin 
of the rocket as to materials and thick- 
ness. Pressure and density measure- 
ments have been made up to 76 miles 
and from these measurements the at- 
mospheric temperatures have been cal- 
culated. Pressure patterns are known to 
have an effect on the weather. Studies 
of the upper atmosphere pressure move- 


ments may lead to better understanding 
of the conditions causing weather. The 
motions of pressure areas may be the 
information that will lead to long range 
weather predictions over large regions. 
If vehicles, and possibly man, are to 
travel through the upper reaches of the 
atmosphere its composition must be 
better understood. Much has _ been 
learned in the past four years by direct 
measurements which before the use of 
rockets could only be arrived at by 
computations based on knowledge of 
the atmosphere at lower levels. 


SOLAR RADIATION 


The radiation from the sun is of vital 
importance to mankind. Until the advent 
of atomic power, all of man’s major 
sources of power and heat (coal, petro- 
leum, wood, water power, etc.) stemmed 
from the stored energy radiated to the 
earth by the sun. Much of the radiation 
is absorbed in the atmosphere producing 
effects, again of vital importance to man, 
such as the ozone layer, ionosphere, 
aurora and magnetic storms. If we did 
not have the ozone man would be ex- 
posed to dangerous ultra violet radia- 
tion. If we did not have the ionosphere, 
radio communication would be greatly 
complicated—long range radio com- 
munication virtually impossible. The 
spectacular aurora phenomena are as- 
sociated with vast magnetic storms 
which often disrupt world-wide com- 
munication lines. 


The investigation of solar radiation 
by rocket techniques sheds new light on 
the nature of these important natural 
phenomena. New discoveries have re- 
sulted from research using rockets as 
vehicles, such as the detection of soft 
X-rays and unexpected amounts of far- 
ultraviolet radiation. Further studies, 
now in progress, may eventually permit 
man to unravel the secrets of the sun 
and its effect on mankind through its 
control of the atmosphere. 


Phase (2) of the NRL Rocket Sonde 
program includes basic research on 
rocket power plants, air frames and 
control systems, and the development of 
high-altitude rocket vehicles. This phase 
has been described in preceding para- 
graphs. 
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VALUE OF UPPER ATMOSPHERE RESEARCH 


Fundamental research is the investi- 
gation of the fundamental laws and 
phenomena of nature and the compila- 
tion and interpretation of information 
on their operation. The upper atmos- 
phere research program at NRL is 
fundamental or basic research. It is 
difficult, or impossible, to place value 
on basic research, when the end product 
can only be defined as “knowledge.” 
Often, however, the by-products of basic 
research prove extremely important and 
more than justify the expenditures on 
the basic problem. 


“Some of the by-products of the NRL 
program have a security classification 
which prohibits mention here. Others, 
such as the ptlse-time modulation tele- 
metering system, the impact computer, 
new techniques for radiation detection, 
new “and improved temperature and 
pressure gauges will find valuable usage 
in both military and civilian develop- 
ments. 


One of the by-products of the upper 
air research program that may achieve 
national significance is the Viking 
rocket. Already it has been ‘approved by 
the Guided Missile Committee and the 
Upper Atmosphere Panel of the Com- 
mittee on Geophysics and Geography of 
the Research and Development Board 
as the standard vehicle for extreme 
upper atmosphere research for all agen- 
cies engaged in research. 


The success to date of the Viking 
can be attributed to the careful, pain- 
staking, and step-by-step engineering 
development policy—learning to crawl 
before you walk, and to walk well before 


A LARGER 


A larger Viking is now being de- 
veloped. Numbers seven through ten 
will have a height of about 45 feet and 
a diameter of 45 inches. This will in- 


Viking No. 5 a Few Seconds After Take-off 


you run. Success is not yet attained or 
proclaimed. Today’s firing was number 
five. Five are yet to be fired under the 
present development program. By in- 
corporating the knowledge we have 
gained from all preceding flights into 
Viking number ten, its performance can 
be predicted to surpass the most en- 
thusiastic of early predictions. 


VIKING 


crease the fuel capacity by at least 50 
percent and should increase its altitude 
substantially, while carrying a payload 
of 500 pounds or will permit carrying 
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greater payloads—up to 2500 pounds— 
to lower altitudes. 


During the time since the first rocket 
flight as a research vehicle, experiments 
have tended to become larger, heavier, 
and more complicated. In order to carry 
instrumentation which will give com- 
parative measurements of data on upper 
atmosphere phenomena simultaneously 
or to carry a complete cosmic ray ex- 
periment which is necessarily heavy 
due to the amount of lead which must 
be used so that the penetration of the 
particles may be studied, and which is 
bulky due to the complexity of the 
instrumentation (over 300 tubes were 
used in the cosmic ray experiments in 
Viking 4), it was decided to develop a 
larger Viking. This larger outer-space 
laboratory, then, could accommodate the 
more complex experiments and _ will 
probably eliminate the need for addi- 
tional flights which would otherwise be 
necessary in order to obtain compara- 
tive data or to carry partial experi- 
ments. In addition, the “super-Viking” 
should permit the study of the iono- 
sphere to mich greater altitudes. Scien- 
tists studying the ionosphere desire to 
make measurements up to and, if possi- 
ble, above an altitude of 200 miles. 


Very little engineering development 
will be required to convert the present 
Viking to the larger size. It will be 
powered by the present 20,000-pound 
thrust motor. It should provide the 
upper atmosphere researchers with a 


Aerobee-NRL-5, Fired 14 June 1949 to Alti- 
tude of 68 miles. Carried Spectrographs 
for Optical Measurements of Ozone Layer 


more ideal vehicle for probing the 
earth’s outer-space in their search for 
more knowledge about it. 
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SUMMARY 


The design of a new ship is generally 
made by altering the main dimensions 
(length, beam and depth) of another 
vessel of similar type. 


The following method for deriving 
the curves of stability for a new design 
from those for an existing design obvi- 
ates the considerable labor of drawing 
a new body diagram and working out 
GZ curves by integrator for various 
angles of inclination and main condi- 
tions of loading. Unlike the Wright’s 
method, this method is an exact one and 
can be used for increases in both beam 
and depth. Furthermore these increases 
are not restricted to small amounts but 
may have any values, positive or nega- 
tive. 
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The only assumption made is that the 
new form is derived from the old by uni- 
form “stretching” in both vertical and 
horizontal directions, the ratios of altera- 
tion of dimensions having the same, or 
different values for the three principal 
directions. Lines parallel to the princi- 
pal axes in the parent form remain 
parallel and mutually at right angles 
after stretching. Briefly the point (x, 
y. z) of the parent form becomes (Ax, 
wy, wz) for the derived form, the axes 
remaining rectangular. 


It is necessary to draw auxiliary 
Cross Curves (see Appendix I) for the 
parent form, but once drawn, these serve 
for all forms derived from that parent 
form. As a numerical example auxiliary 
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Cross Curves (BZ curves) are given 
in detail for a ship of a destroyer type, 
hereinafter called parent form “A”. 
Various constants which appear in the 
final equation have also been plotted as 
curves to facilitate the use of this meth- 
od by reducing considerably the amount 


of calculation. 


The method described in this article 
had first been suggested to me by Mr. 
D.. C. Spanner, a British Naval Con- 
structor, but despite its ingenuity is 
little known either in Great Britain or 
in the United States. 


Fig. 4.6. 


DESCRIPTION OF THE METHOD 


‘Figure la represents the parent form 
“A” whose Cross Curves and Hydro- 
static Curves haye already been calcu- 
lated. 

Figure 1b shows the derived form, all 
horizontal dimensions being increased 
in the ratio X:1 and all vertical ones 
in the ratio y:1. 


The suffixes 1 and 2 indicate cor- 


>= 
= 


For Fig. 2a, x = ; =A x; 
aj 


responding points in the two bodies, i.e., 
points whose abscissae and ordinates 
are in the required ratios. It may be 
easily proved by mechanical similarity, 
that, for instance, the horizontal co- 
ordinate of the centroid of the derived 
Figure G,’, is equal to the horizontal 
coordinate of the centroid of the parent 
form, multiplied by the common factor 
dX (Fig. 2a and 2b). 
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Féeg.2a. 


From this it may be seen that while 
S,, K,, B, are points strictly compar- 
able to S,, K, and B, (for instance B, 
is the center of buoyancy of the derived 
form below W,L,), the point Z, is not, 
for stability purposes comparable to Z,, 
since S,Z, and B,Z, are not generally 
perpendicular. That is, the inclination 
6, and §, of corresponding waterlines 
will nearly always be different. _ 

To find the new value of the stability 
lever draw B, yn perpendicular to W,L, 
to meet S,Z, produced, if necessary, 
in 9. 


Fig. 26. 


Let 2 Z, B, 7 =a. Thus we have: 
(See Appendix II for derivation.) 


S, Z, = S, Z, cos? 6, + y? sin? 6, 


(1) 

B, Z, = B, Z, cos? 6, + sin? 6 

tan = tan (3) 


Therefore we can write, that the new 
stability lever 


= S,Z,+2Z,9 


S. 7 = S, Z, VA? cos? 6, + sin? 6, + B, Z, sina = 


S, Z, V 2? cos? 6, +y? sin? 6, + B, Z, - 


(A? — y*) sin 2 4, 
cos? 6, + sin? 6, 


(1—Z?2).sin 2 8, 


Put Z = V cos? + Z?sin? 0, ;n = 


and it gives new SZ = X [mS, Z, + n B, Z,] 


In the last equation B, Z,, is the only 
unknown variable. To obtain data for 
the entire family of forms based on the 
parent form, Cross Curves of BZ should 
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2 V/ cos? 6, + Z? sin? 6, 
(5). 


be drawn for the parent form. From 
these, Cross Curves for the new design 
and ordinary stability curves may thus 
be easily drawn (see Appendix I). 
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43 
DESTROYER A’ 
“i CURVES OF BZ 
KS =/1.00 FEET 
off 90 
15 
7 
6 
5 
4 
Fég. 3. 
28002600 2800 3200 3400 3600 3800 
TONS DISPLACEMENT 


The following points should be noted: 
(a) The pole height becomes 


K, S, = y K, S, 


(b) The displacement corresponding to 
the new stability lever is given by 


L, 
4, = A, 
1 


where L, and L, are the lengths of the 
two forms and A, is the displacement 
of the parent form. 
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(c) The angle 9, corresponding to the 
new stability lever will not usually be 
the same as that belonging to the parent 
form but will be given by equation (3). 
(d) To facilitate calculation, curves of 
m, n, and §,—6, are given plotted 
against Z for all values of 9, used in 
type “A” Cross Curves (15°, 30°, 45°, 
60°, 75° ard 90°). 

(e) Curve: of BZ worked out for a 
destroyer type “A” may be used for 
all forms based on this design. 


i 


STABILITY CURVES FOR NEW DESIGNS 


CURVES OF 6-6, 75° 
WHERE tan @,=Z tang, 45° 
“/ 
1.053 
lie 
0.95; 
Fig 4. 
0.9 45° 
-2° -/* 0° 2° 


0,-9, DEGREES 


EXAMPLE OF THE USE OF THE METHOD 


Destroyer “A” type 


Destroyer “B” type 
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Destroyer “B” type is based on “A” 
type and all Stability Curves have al- 
ready been worked out by one of the 
laborious methods commonly in use. 
We may therefore write: 

43.0 


40.25 _ 22.0 


3000 x 


43.00 225 374 
K, S, = 11.00 x 1.0227 = 11.25 
316 


CURVES OF 
1-27) cos 8, 


45° 


y= = 1.0227 
z= + = 09573 


Corresponding “A” type displacement = 


om = 2668 tons 
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15° Cross Curve. 


m = 0.997; n = 0.021. For “A” type at 3000 tons S, Z, = 2.28’ and B, Z,= 5.08’. 


Therefore SZ = A(m S, Z, + n B, Z,) or 


SZ = 1.0684 (0.997 x 2.28’ +. 0.021 x 5.08’) = 2.54’. 


6, — 0, = —0.62° and 0, = 14.38°. 


Giving GZ = 2.54’ — (18.06’ — 11.25’) sin 14.38° = 0.85’. 


30° Cross Curve. 


m = 0.9892; n = 0.037; S, Z, = 4.24’; B, Z, = 5.95’. 
SZ = 1.0684 x (0.9892 x 4.24 + 0.037 x 5.95) = 4.72". 


6,— 6, = —1.075° and 6, = 28.925°. 


GZ = 4.72’ — (18.06’ — 11.25’) sin 28.925° = 1.43’. 


Similar calculations for the 45°, 60°, 
75° and 90° Cross Curves yield the 
results shown below, where they are 
compared with the figures obtained by 


6,=14.4°  28.9° 
GZ = 0.87’ 1.37’ 
GZ=085' 1.43’ 


Long method 
obtained 
above 


From this comparison it may be seen 
that the results by the new method are 
as accurate as those obtained by the 
earlier method. The differences lie 


the long method. 

Comparison of values obtained by 
the above method and those from the ~ 
long method: 


43.75°  58.9° 74.4° 90° 
1.22’ 0.42’ —1.03’ 


1.25’ 0.43’ —0.96’ —2.62’ 


within the permitted limits of accuracy 
taking into account the possible errors 
of integrators and in the expansion of 
the body of the vessel in the mould loft. 


APPENDIX I 


Cross Curves of stability are the con- 
verse of the ordinary Curves of Stability. 
Instead of having the righting levers at 
a constant displacement and varying 
angles, in a Cross Curve the righting 
levers are calculated for a constant angle 
but varying displacement. The relation 
between the Cross Curves and the 
ordinary Curves of Stability is clearly 
shown on Fig. 7. On that diagram four 
curves of stability are plotted for a cer- 
tain destroyer at displacements of 1500, 
2000, 2500 and 3000 tons. These are 
placed as shown in perspective. Through 
the tops of the ordinates at any given 
angle a curve is drawn which is the 
Cross Curve of stability at that angle. 


Fig. 7. 
wd 45__ 60 75 
| 


VIN | 
\ 


2000" 
a \ 
DEGREES of INCLINATION 


pz 


The auxiliary Cross Curves of BZ for 
the parent form can be easily obtained 
from ordinary Curves of Stability by 
means of Moseley’s formula: 
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BZ = Stability 


Where the first term represents the and the Center of Gravity of the ves- 
area under the Stability Curve up to sel in an upright position. W is the 
the angle @ and BG is a vertical dis- displacement of the vessel in tons. 
tance between the Center of Buoyancy 


+ BG x (1—cos @) 


APPENDIX II 
Let, on Fig. la, the distance S, C, = a, and C, Z, = b 
From similarity, the corresponding distances on Fig. 1b 
S, C, =da, andC, Z,=yb 


But b, =a, tan 6, and substituting this value for b, in (I) and (II) the follow- 
ing is obtained: 


S, Z, =a, cos 6, +a, sin 9, tan 0, =a, (cos 6, + sin 6, tan 0,).......... (1) 
S, Z,=V A? a?, + tan? 0, =a, AP + tan® (II) 
Divide (II) by (1) 

S, Z, V + y? tan 8, V cos? 6, + sin? 6, 

cos 6,+ sin 6, tan 6, cos? 9, + sin® 6, 


giving finally 
S, Z, =S, Z, V A? cos? 6, + y? sin? 6, 
Equations (2), (3) and (4) can be obtained in a similar way. 
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INTRODUCTION 


One of the most puzzling problems 
to confront shipbuilders and designers 
in recent years has been the problem 
of the singing propeller. This phenome- 
non consists of audible sounds arising 
from the vicinity of the propellers of 
ships under way and is usually called 
“singing.” In attempts to describe the 
sound, it has been referred to by an 
assortment of names such as grunting, 
humming, grinding, squeaking, squawk- 
ing, rasping, twanging, sawing, metallic 
ringing, etc. 


“Singing” began to attract attention 
about 1930 when airfoil sections were 
beginning to be used in the place of 
ogival (segmental) sections for propel- 
ler blades (15, 24d, 30)*. During this 


same period hull forms were undergoing 
gradual modifications, and changes tak- 
ing place in propulsion machinery re- 
sulted in increased propeller speeds. It 
is therefore not certain which of the 
changes was primarily responsible for 
the appearance of the singing, par- 
ticularly since noise of this type has 
been observed also from propellers with 
ogival blade sections (30). Singing may 
have occurred before this time without 
attracting especial attention (15, 26). It 
is reported that twenty or thirty years 
earlier an intermittent whistling sound 
was observed by Admiral Charcot in 
the Antarctic. This sound stopped when 
the engines stopped, but as the vessel 
steamed away it was not audible to men 
put ashore. 


* Numbers in parentheses refer to references listed in the bibliography at the end of this report. 
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Singing has been exhibited by both 
solid and built-up propellers and none 
of the plan forms commonly used seem 
to be free from the possibility of sing- 
ing (28). Model studies of singing have 
not appeared to be very promising since 
singing has been observed almost ex- 
clusively in large propellers. However, 
models would likely sing if tip speeds 
were reached equal to prototype tip 
speeds (3). 


Certain phenomena (2, 38, 40) in 
other fields, for example dancing or 
galloping of wires such as transmission 
lines (7, 12) and aircraft flutter (36), 
are self-sustaining and similar in many 
respects to the singing of propellers. 
These other phenomena, however, seem 
to result from causes which are more 
easily distinguished. 


Hunter, in his classical paper (26), 
opened the field for study of singing 
propellers. He made a detailed analysis 
of the design characteristics and operat- 
ing conditions of the propellers on four- 
teen ships in an attempt to determine 
what caused singing. Of the vessels 
covered by his investigations, four were 
powered by diesel engines, one by 
geared turbine, and nine by triple ex- 
pansion reciprocating steam engines. 
Cyclic speed variation of the engine 
could contribute to the disturbances fa- 
vorable to singing, especially at lower 
speeds (47); however, in Hunter’s 
paper and others, singing has been re- 
ported from the propellers of vessels 
with all three types of propulsion sys- 
tems and from both single and twin 
screw ships. In fact, it has been observed 
in a propeller after the engines were 
stopped, with the ship still in motion 


(26). It is generally agreed that the 
disturbances leading to singing do not 
originate with the engines but arise 
from hydrodynamic sources at the pro- 
peller itself. 


The noise resulting from singing vi- 
brations may be so great that it makes 
the aft spaces in the ship unlivable and 
carries through the water so that the 
ship can be detected at great distances 
by underwater listening devices (11). 
However undesirable these sound char- 
acteristics may be, other phenomena 
which accompany or cause the noise 
are far worse. Fatigue cracks or actual 
fracture of the propeller blades and 
shaft, reduction in thrust and efficiency, 
erosion or corrosion of the blade sur- 
faces, undesirable vibration 
through the whole vessel are all asso- 
ciated with the singing propeller. The 
interrelationships among these factors 
are confused by ‘special cases in which 
the singing observed was not accom- 
panied by erosion of the blade surfaces 
or fatigue cracking, and other cases 
where singing was not audible despite 
considerable erosion and_ vibration 
severe enough to give rise to fatigue 
cracks. Studies of these different aspects 
of the problem have provided informa- 
tion regarding some factors which con- 
tribute to singing. It is the purpose of 
this paper to survey the work that has 
been published and present a bibliog- 
raphy of the papers pertaining to this 
problem and phenomena closely related 
to it. To make the bibliography most 
useful, in several cases where the orig- 
inal paper may not be readily available, 
other references have been included in 
which the same paper or an abstract of 
it may be found. 


BELL AND CLAPPER EFFECTS 


Hunter pointed out (26, 24d) that 
there were two parts to the problem, 
which he termed the “bell” and “clap- 
per” effects. The bell effect was the 


elastic responsiveness of the propeller 
blades to vibration, and the clapper 
effect was the tendency of the hydro- 
dynamic forces to excite the vibration. 
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Elimination of either tendency or suffi- 
cient reduction of both would “cure” 
the singing. In the research surveyed 
in this paper, some investigators at- 
tacked only one side of the problem 
while others attempted to reduce both 
tendencies. Elimination of singing of 
individual propellers has been achieved 
in so many different ways that little 
agreement has been reached as to which 
fundamental principles govern the sing- 
ing action. 


Bell—Not all vibrations of the propel- 
ler blades are accompanied by audible 
singing, but it is generally agreed that 
singing can be attributed to mechanical 
vibration of the blades (28). It should 
be understood that every underwater 
noise originating in the neighborhood 
of the propellers is not classified as sing- 
ing. Other sounds representing variable 
pressure waves are often due to purely 
hydrodynamic phenomena. Noise from 
cavitation on the blades and other sur- 
faces and from tip vortices can be 
readily picked up by underwater listen- 
ing devices even though the blade vibra- 
tions are not of appreciable magnitude. 
General water noise from turbulence 
and waves may also be audible but are 
not directly associated with singing. 


Limiting the problem to noise result- 
ing from vibrations of the blades does 
not mean that the solution is neces- 
sarily a simple one however, as Burrill 
pointed out (6d), the blades could un- 
dergo any one of four types of vibra- 
tion: 


(1) Free vibrations; i.e, natural 
oscillations of the blade in a very gen- 
eral and unconstrained manner when 
disturbed. 


(2) Forced vibration in which the 
vibration is definitely imposed upon the 
blade by external periodic forces with 


little relationship to the free vibrations 


of the blade. 


(3) Resonant vibrations where the 
periodic disturbance comes into syn- 
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chronism with natural motions of the 
blade which are thereby intensified. 


(4) Self-induced vibration (or flut- 
ter) which, if once started, derives 
energy from the stream in such a 
fashion that vibration is sustained. 


The pitch or frequency of the sing- 
ing notes has been observed in several 
instances to agree with one of the 
natural frequencies of the blade, but is 
not usually in agreement with the period 
of exciting blows which are multiples 
of the rpm (24, 47). Singing pitches 
fall in the range of 100 to 500 vibrations 
per second. More or less discrete pitches 
of the order of 200 to 300 vibrations 
per second have been measured in sev- 
eral instances (6, 26). In general, the 
sounds from propellers are quite com- 
plex and include a mixture of harmonics 
of higher order. Frequently they are 
of a discordant nature, and hence can 
be more accurately referred to as noise 
rather than singing. Lambie reports 
hearing a rather high-pitched whistling 
(30), but considered it to be different 
from what is generally called singing. 
He attributed this whistling to the col- 
lapse of cavities in the wake abaft the 
propeller and not to vibrations of the 
blades. 


The intensity and the quality of the 
sound produced is a function of the 
propeller speed. In some cases the pitch 
predominating is different for different 
ranges of propeller speeds (47). Some 
observers have concluded that the pitch 
increases in almost direct proportion to 
the propeller speed (19). In some cases 
a sawing or grinding noise can be 
heard continuously or sometimes it ap- 
pears intermittently only once per revo- 
lution. The tie-up of singing with pro- 
peller speed and with the periodicity 
of hydrodynamic forces dependent on 
propeller speed is not clear. 


Singing has been observed (284) | to 
increase in colder water (less than 
70°F) and to be decreased when sail- 
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ing in tropical waters (above 80°F). 
Other cases have been reported in 
which the rudder position effected the 
singing and in some cases singing ap- 
peared to have increased with an in- 
crease of immersion when the vessel was 
loaded more heavily. In no case has 
noise been perceived from propellers 
operating in reverse. 


No general agreement has _ been 
reached as to which one or ones of the 
four possibilities listed above is responsi- 
ble for excitation of singing vibrations. 
Investigators supporting each school of 
thought have presented their opinions 
with the analyses of the cases within 
their experience, giving the logic by 
which they reached their conclusions. 
Attention has frequently been directed 
toward cases which could not readily 
be explained by some other theory. 


Stevens (50d) suggested that the in- 
stances of singing could be divided into 
two broad classes, namely, those due to 
self-maintained propeller vibrations 
(type 4 above) and those which result 
from externally applied periodic forces 
associated with high and sharply chang- 
ing wake (type 2 or 3 above). Several 
investigators (6, 9, 28, 47, etc.) have 
considered the flutter phenomenon as a 
possible explanation for singing but 
have not found conclusive evidence that 
conditions required for flutter are 
reached in operating speeds of marine 
propellers. Proponents of periodic force 
explanations of singing have had diffi- 
culty in establishing the existence of 
periodic forces with frequencies agree- 
ing with singing pitches observed or 
which could be in resonance with natu- 
ral frequencies of propeller blades. Such 
evidence would be welcomed (9, 25, 
24d). Shannon and Arnold (47) studied 
the frequency of vortex shedding with 
the hope of correlating it with the 
natural frequency of the propeller blade. 
This, however, did not provide a means 
of discriminating between singing and 
non-singing propellers. 


Free vibration of the blades at their 
own natural frequencies seems to be 
more generally accepted than any of the 
other types to explain singing. In gen- 
eral, vibrations set up by hammer 
blows show a mixture of frequencies 
depending on how and where the blade 
is struck (6). 


The blades have been observed to 
vibrate with similar modes in both air 
and water when struck. The natural 
frequencies of blade vibrations are 
lower in water, however, because of 
the mass effect due to the inertia of the 
water set in motion with the blade and 
also because of hydrodynamic damping 
(25, 28, 34). The frequency for a given 
mode of vibration in water may be less 
than in air by the order of twenty-five 
percent (44) and is a function of the 
frequency itself in addition to other 


factors. 


In the struggle for greater lift with 
less drag, the propeller blades developed 
are thin, relatively smooth, and with- 
out projections, sharp curvatures or in- 
dentations, in fact, quite ideal for sing- 
ing. It is perhaps more surprising that 
some propellers do not sing than that 
some do sing. 


A given propeller blade can have a 
number of different natural frequencies 
since it can vibrate in several different 
modes, depending on the distribution of 
mass, elastic stiffness, and exciting 
forces. Which manner of vibration is_ 
critical in singing has not been deter- 
mined since observation of a singing 
propeller in service is so difficult. 


Longitudinal vibrations of the blade 
would be at higher frequencies than 
ordinarily observed in singing. In the 
ordinary broad flat marine propeller 
blade, lateral modes respond readily to 
disturbances, and: fatigue cracks have 
been found conforming to lateral modes : 
(28). Davis (9) considered singing to 
be primarily a lateral butterfly type 
vibration and suggested that if striking 
a blade in air at various points around 
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the edge produces the same note for 
all points of impact, singing could be 
expected in service. On the other hand, 
if different notes resulted from blows 
at different points on the blade, he 
would conclude that it would be silent 
in service. 


Vibration in flexural and_ torsional 
modes has been observed frequently 
(5, 6, 25, 50). Torsional natural fre- 
quencies seem to fall within the range 
for singing, but the frequency of flexural 
vibration depends to a certain degree on 
the radial component of acceleration 
field and hence would vary with the 
propeller speed. Certain special com- 
binations of these modes are sometimes 
considered necessary before singing is 
to be expected. In general it must be 
concluded that a very complex vibra- 
tion can exist as a combination of 
lateral, flexural, and torsional modes. 
Which mode of vibration is set up and 
therefore the quality of sound produced, 
depends on the blade section and plan 
form. 


The vibration of a marine propeller 
blade is complicated by elastic, inertia, 
and hydrodynamic coupling forces which 
are quite complex in themselves. These 
coupling effects arise because, in blades 
designed for efficiency, the mass center 
of the blade, the center of percussion, 
and the center of pressure are off the 
bending axis.* As a result of these ec- 
centricities the resultant of the ordinary 
pressure forces causes both bending and 
torsion. Even a vibration which begins 
as only bending receives a twisting mo- 


- ment as a result of the bending inertia 


of the blade. Any torsion of the blade 
or any flexural velocity in vibration 
(changing the velocity of water rela- 
tive to the blade) changes the angle of 
incidence and therefore changes the 
magnitude and location of the resultant 
pressure force. This produces changes 


in both bending and torsional deflec- 
tions but by differing amounts. Small 
coupling effects also result from tor- 
sional inertia, curvature of the bending 
axis, and variation of pitch along the 
radius (28). 


Clapper—Free vibrations of the 
blades require blows or impulses to 
start them. These impulses are gener- 
ally attributed to two hydrodynamic 
phenomena (41); cavitation (47, 51) 
and vortices shed from the edges (17, 
28, etc.). The cyclic variation of the 
pressure forces per revolution as the 
blade changes depth or passes in the 
wake close behind fins, struts, etc., pro- 
duces torsional and longitudinal vibra- 
tions of the propeller shaft. Vibrations 
from this source can frequently be ob- 
served throughout the ship itself. These 
variations in pressure are not, however, 
considered to be directly responsible for 
vibrations of the blade classified as 
singing. Gutsche (19) concluded that 
the disturbances arose as a result of 
variations in pressure on the blade 
caused by minor irregularities in fabri- 
cation of the individual blades and 
variations in thickness of blade sections. 
Particles of water impinging on the 
blade surfaces and other such forces are 
considered to have negligible effect 
compared to the large water hammer 
pressures produced by collapsing cavi- 
ties (39). ; 

There is some controversy as to 
whether disturbances at the leading 
edge or at the trailing edge are more 
significant in producing audible vibra- 
tions. It is known that by virtue of its 
position and usual shape, the tip of the 
blade is particularly responsive to ex- 
citing forces (26). 


Shifting of the center of pressure as 
a result of the above phenomena and 
other variations in the distribution of 
forces has received considerable atten- 


* The bending or flexural axis is defined as the locus of points through which the resultant of the 
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external forces can be applied to produce bending without twisting. 
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tion (6), especially because of its im- 
portance in aircraft propeller noise and 
flutter (33). When the amplitudes and 
velocities of the vibration are sufficient 
to influence materially the angle of inci- 
dence and thus influence the resultant 
force on the blade, so-called negative 
damping can occur setting up self- 
induced vibrations. 


Cavitation takes three forms (27) in 
the case of the marine propeller blades. 
Cavities form on the face or pressure 
side of the blade at lower speeds (when 
slip ratios are low) especially when 
blades are abnormally thick and close 
together. It generally sets in at the root 
because of blade interference and the 
thicker sections (16). Back cavitation 
may be either “burbling” (3, 49), ice. 
the formation of roughly spherical bub- 
bles on the back or suction side of 
blade (hemispherical if in contact with 
a flat surface), or it may take the more 
serious form of laminar edge cavita- 
tion which appears first in the vortices 
off the blade tips and develops into 
leading edge cavitation with greater tip 
speed and thrust. 


During the stages of face cavitation 
and partial back cavitation, the propel- 
ler efficiency is not affected (43), but 
erosion, blade pitting, and probably 
vibrations occur as a result of the tre- 
mendous impact pressures (39) created 
when the cavities collapse on the metal 
surfaces. In the stage of fully developed 
back cavitation, the efficiency is reduced 
materially (and therefore this point is 
seldom reached in service) while blade 
pitting and vibration are essentially 
eliminated since the cavities are carried 
well beyond the trailing edge of the 
blades before they collapse. 


It is generally recognized that a con- 
siderable portion of the cavities formed 
actually do collapse on the blade surface 
(49). What proportion of the total 
number this represents and how far 
along the blade the cavities move before 


their collapse depend on where they 
form and how fast the stream moves 
relative to the blade surface. These fac- 
tors, along with the strength of cavita- 
tion, control the magnitude and location 
of the exciting blows arising from col- 
lapse of cavities. The modes of vibration 
of the blades are dependent on these 
blows. For certain ranges of propeller 
speeds, the proper combinations of these 
factors may occur so that singing na- 
turally results, but for other ranges of 
speed the noise is somewhat different or 
disappears, perhaps reappearing again 
for still other combinations. 


Forces developed at the edges have 
large moment arms for exciting tor- 
sional vibrations of the whole section, 
and thinly tapered trailing edges of 
many airfoil sections, being structurally 
weak, can respond independently to edge 
disturbances. When operating in re- 
verse the flow is probably such that 
most of the cavities formed collapse in 
the wake abaft the propeller or possibly 
at points on the blade which are not 
responsive to the exciting forces. 


Back cavitation cannot be eliminated 
for all propeller speeds, but it can be 
deferred to higher speeds by increasing 
the mean width ratio of the blade, re- 
ducing the thickness ratio of the outer 
sections, reducing the slip and angle of 
attack at the outer sections, and of course, 
by increasing immersion (16). In some 
cases the pitch is varied along the 
blade to reduce the angle of attack for 
the outer sections. 


The vortices shed at the trailing edge 
are most severe if the edge is quite 
blunt (1). Their strength is reduced if 
the trailing edge is sharpened giving a 
gradual taper back to the edge to pre- 
vent formation of a void space. The fre- 
quency of shedding of vortices is pro- 
portional to the stream velocity, and 
therefore the frequencies vary continu- 
ously as the radius from root to tip of 


the blade and as the angular velocity — 
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of the propeller (6). The lateral force 
exerted by these vortices is proportional 
to the square of the stream velocity. 
Nearly all propeller blades shed behind 
them a tip vortex. When the spin of 
this vortex is rapid enough cavitation 
occurs along its core. When the blade 
tip passes through a high local wake 
the tip vortex may be momentarily quite 
intense, causing a strong reaction on 
the blade which may set up vibrations 
(47). The strength of the tip vortex 
can be minimized by reducing the angle 
of attack and loading at the tip and by 
other means such as shrouding. 


These hydrodynamic disturbances are 
more severe and set in at lower speeds 
when the flow to the propeller is not 
axial (21, 31) or if there are variations 
in the flow (6, 18). By virtue of its 
position the marine propeller acts in a 
curvilinear and turbulent stream. Cavi- 
ties and eddies are shed from the hull 
and disturbances arise at the rudder 
post, struts, etc. These contribute to the 
general turbulence of the wake, making 
any calculated angle of incidence of the 
water to the blade only an average with 
the actual angle of incidence (23) dif- 
ferent at different points on the blade 
and fluctuating at any given point with 
time. The pressure and wake velocity 
for each blade are functions of its depth 
below the surface and its horizontal and 
vertical position relative to the hull, 
struts, and rudder. 


The degree of cavitation and the 
strength of vortices formed depend for 
any given angular speed of the propel- 
ler on the shape of the blade section and 
distribution of pressure along the blade 


surfaces. These hydrodynamic phenom- 
ena are more sensitive to the shape at 
the leading and trailing edges and at the 
tip than are thrust and efficiency. 


The effect of depth of submergence 
on singing cannot always be isolated 
from other accompanying effects. Conn 
and Burrill (6 and 6d) have observed 
an increase in singing with depth, cit- 
ing cases in which singing appearing 
only mildly on light load trials was 
noticeably more severe for greater sub- 
mergence when the vessels were fully 
loaded. Other things being equal, cavi- 
tation should be less severe for larger 
static heads effective when propellers 
operate at greater depths. It has been re- 
ported that singing of submarine propel- 
lers observed near the surface decreased 
or disappeared completely at greater 
depths. Observations of an increase of 
singing with depth cannot be taken as 
proof that cavitation could not be re- 
sponsible for singing. If the increase in 
immersion of the propellers is the con- 
sequence of increased loading then there 
is also an accompanying increase in 
drag which tends to reduce speed and 
increase slip. This tendency to make 
cavitation more severe would increcse 
more rapidly than would the alleviating 
tendency from greater depth of sub- 
mergence of the propellers. Shannon 
and Arnold suggest that deeper immer- 
sion may have some effect on the prop- 
agation of sound and therefore greater 
sound need not necessarily be evidence 
of more violent singing (47). Interac- 
tion with the after portions of the hull 
(32) which may also be critical in 
singing, would be affected to some ex- 
tent by the loading. 


CURES 


Since so many factors are involved in 
singing and many of these are inter- 
dependent, the differences in technique 
for curing singing have been almost as 
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numerous as the engineers who have 
investigated the problem. Complete pro- 
cedures have been outlined for use in 
design which are intended to assure 
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silent propellers (23). Criteria have 
been presented which make possible 
analysis of existing propellers to deter- 
mine with a high degree of separation 
which sing and which are silent (4, 9). 
It is clearly possible to take a very 
complicated approach to designing non- 
singing propellers, but it is also possi- 
ble to achieve the same end simply by 
taking advantage of the experience of 
others (14). Davis (9) suggests that 
the blade can be designed in the usual 
manner to give maximum efficiency, 
and subsequent minor modifications can 
be made to eliminate the tendency for 
singing if it shows up. A wide variety 
of possible modifications have been pre- 
sented to eliminate singing, and many 
of them have been used successfully in 
particular instances. 


Kerr, Shannon, and Arnold (28) 
recommend sharpening the edges of 
a singing blade, claiming that sharpen- 
ing the leading edge helps reduce cavita- 
tion, sharpening the tip and trailing 
edge helps control the vortex action. 
Den Hartog (11) reasoned that sharp- 
ening would prevent the dividing point 
of the flow on the leading edge from 
jumping back and forth across the 
edge thus impeding any self-excited type 
vibration. Knapp and Hollander (29) 
found that cavitation in axial flow was 
less severe for models with gradually 
tapered noses than for those with blunt 
noses. It does not follow directly, how- 
ever, that this advantage would be 
maintained for a wide range in the 
angle of incidence occurring in normal 
operation of marine propellers. 


Sharpening has been used on many 
occasions to eliminate singing of marine 
propellers (25, 27, 47, 50, etc.). What 
constitutes a sharp edge for ordinary 
propeller sections is not exactly certain. 
Hunter (24d) mentions that a radius 
of 0.05-inch had been accepted as a 
compromise between theory and prac- 
ticability. Sims (46) reports sharpen- 
ing to successively finer edges, the 


thickness at the edge being reduced to 
one-eighth inch, then to one-sixteenth 
inch, and finally to one-thirty-second 
inch as one measure to eliminate sing- 
ing. 


Reduction in cavitation on blades of 
hydraulic turbines can be accomplished 
by suitable shaping (37) particularly at 
the nose. In several instances (10, 11, 
13) it has been found that noise or 
erosion of runner blades in hydraulic 
turbines (Francis and Kaplan types) 
has been eliminated by sharpening the 
leading edges and giving a gradual 
transition from the nose back to the 
original blade surface. In hydraulic 
turbines like marine propellers, cavita- 
tion as evident from pitting or noise is 
worse for units with larger diameters 
and, of course, is worse for greater suc- 
tion heads (8). 


The possibility of reducing cavitation 
by proper rounding of the leading edge 
(4) rather than sharpening has some 
theoretical basis (22). Sharp edges are 
more prone to damage in handling and 
in service, and there is some disagree- 
ment as to their practicability. Kerr, 
Shannon, and Arnold (28) presented 
data from tank tests which showed that 
considerable beneficial hydrodynamic 
damping resulted when the edges were 
sharpened. A certain amount of addi- 
tional damping of existing vibrations 
results from hysteresis (49) in the 
blade metal itself, especially in ma- 
terials like cast iron and bronze. 


Like flutter in aircraft, the vibration 
of a singing propeller can be reduced 
by increasing the structural stiffness 
of the blades (6, 15, 47d). The re- 
sponse of the tip can be reduced by 
increasing the breadth or thickness of 
the blade near the tip (4, 6) and Bell 
(3) found that wider blades did not 
cavitate as quickly as narrower blades. 
One writer (6d) suggested stiffening 
ribs for thin vibration-sensitive trailing 
edges. Additional changes in the blade 
section of a more involved nature have 
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been recommended for several reasons. 
Burrill (4) outlined a list of blade 
characteristics favorable to singing and 
a corresponding list favorable to non- 
singing. Mass balanced blades with the 


centroids of sections on straight radial. 


lines from the root to the extreme tip 
were considered preferable to markedly 
skewed blades with curved blade center- 
line. Burrill also considered that in the 
blade section the position of maximum 
thickness, the fullness of the leading 
portion, the thickness ratio, and the 
physical thickness near the tail were 
fundamental to the elimination of sing- 
ing (24d). Conn (6) called for a blade 
designed to give a fixed center of pres- 
sure or, since that could not be achieved, 
reduction of the travel of the center of 
pressure to a minimum. 


Shannon and Arnold (47) found that 
the curvature of transition back from 
sharpened leading edges should be 
gradual and free from reversals of 
curvature. Davis (9) reduced the res- 
onant qualities of propellers by manip- 
ulating blade widths and _ thicknesses 
to make the natural frequencies of dif- 
ferent portions vary along the length 
of the blade. This could be achieved by 
removing small amounts of metal from 
the blade center or thinning toward the 
edges. 


G. Hughes, after analysis of over 150 
working drawings, set up a method for 
design of the form of sections between 
the leading edge and the position of 
maximum thickness for the outer part 
of the blade as a measure to prevent 
singing (23). He defined a relation 
Q involving the shape of cross section 
at the leading edge and the average real 
angle of incidence. His paper included 
critical values of Q separating singing 
from quiet propellers for single screw 
ships. 

In a recent paper Lambie (30) dis- 
counted the theory that mass-balancing 


prevented singing (or flutter) in the 
case of ogival sections, but considered 


structural flexibility near the thin trail- 
ing edge of the airfoil section (not mass 
balanced) to be more likely responsible 
for sensitivity of the latter to torsional 
vibrations. He contended that blades 
with ogival sections also would vibrate 
if the slip ratio was low. His analysis 
of cases where sufficient data were avail- 
able showed that in at least this limited 
number of cases, singing occurred when 
the slip ratio was below that required 
for maximum efficiency and did not 
occur when the slip ratio was high. He 
showed also the connection between low 
slip ratios and propeller shaft failures. 


Many other methods have been at- 
tempted or proposed to cure or prevent 
singing by modification of the propel- 
ler. Burrowing tips were recommended 
by A. B. Stewart (28d, 47d) to control 
variable wake and enable the propeller 
to bore its way through ever-changing - 
currents. Hunter (26) reported an at- 
tempt to cure singing by putting a 
series of lead rivets at regular intervals 
near the edge of the propeller blades. 


Operating at the stern of the ship, 
propeller performance is influenced to a 
large extent by the wake. Bending of 
the stream lines around the after part 
of the hull, turbulence from vortices 
shed from the hull, struts and shafting, 
and other disturbances contribute to a 
mixed wake. The angle of incidence of 
the water to the blades is therefore far 
from constant; consequently, thrust, 
torque, pressure distribution, center of 
pressure, and cavitation, which are all 
dependent on the angle of incidence 
(28), vary in accordance with wake 
variation. Reduction of the variation of 
the wake would therefore contribute to 
quieting the-propeller. This could be 
accomplished by modifying the shape of 
the after end of the hull (24, 48) by 
providing maximum possible clearance 
between the propeller and body post, 
rudder, etc., and by avoiding obstruc- 
tions in the flow such as couplings be- 
fore or aft the propellers. 
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Certain other precautionary measures 
such as accurate manufacture (19, 48) 
smooth finish on both sides of the 


blades (45), and accurate balancing 
have also been found necessary in order 
to assure silent propellers. 


CONCLUSIONS 


From the data presented and from the 
opinions expressed in the literature 
covered in this review the following 
conclusions regarding marine propeller 
noise are summarized. 


These sounds, usually called singing, 
are the audible manifestation of me- 
chanical vibration of the propeller 
blades. The blades may vibrate in any 
one of a variety of different modes more 
or less complex because of nonuniform- 
ity of thickness, the vibration being fur- 
ther complicated by the elastic, inertia, 
and hydrodynamic couplings involved. 
The exciting forces are believed to be 
hydrodynamic in nature, resulting from 
the impact of collapsing cavities formed 


primarily at the edges of the blade and. 


from vortices shed. Although singing 
is generally attributed to free vibrations, 
it is not impossible that in some cases 
self-induced flutter type vibration takes 
place. 


It seems probable that semewhat dif- 
ferent factors are involved in various 
instances of singing for which condi- 
tions are different. It has been found 
possible to effect cures by attacking 


different aspects of the problem. It is 
likely that certain apparently different 
remedial processes actually produce the 
same effect in some instances but in 
others amount to basically different ap- 
proaches. 

It is felt that in order to prevent 
singing in marine propellers the fol- 
lowing general precautionary measures 
will be beneficial : 

a. Accurate manufacture of propeller 
blades with carefully finished smooth 
surfaces on both faces. 

b. Maximum feasible rigidity of the 
blades to flexure, torsion, and lateral 
bending. 


c. Sharply tapered edges at the tip, 
leading and trailing edges of the blades. 


d. Operation under as great static 
pressure (depth) as possible. 


e. Reducing tip speeds. 


f. Increase in the uniformity of wake 
by modification of the after hull form, 
by reducing turbulence produced by 
obstructions, and by increasing the 
clearances between the propeller and 
stern fixtures. 


BIBLIOGRAPHY 


1. Baker, G. S. and L. T. G. Clarke. “Effect of Blade Section and Area on Screw 
Propellers,” Instn. Naval Archs., Trans., Vol. 86 (1944), pp. 81-96, disc., 


97-101. 


2. Baker, J. G. “Self-Induced Vibrations,” Am. Soc. Mech. Engrs., Trans- 


Vol. 55 (1933), APM 55-2, pp. 5-12. 


3. Bell, L. G. “Some Model Experiments on the Effect of Blade Area on Propel- 
ler Cavitation,” Instn. Naval Archs., Trans., Vol. 90 (1948), pp. 79-87, 
(Bib.). See also: Engineer, Vol. 184 (Oct. 3, 1947), pp. 312-313 ; Engineering, 


Vol. 164 (Oct. 3, 1947), pp. 331-332. 


4. Burrill, L. C. “Marine Propeller Blade Vibrations, Full Scale Tests,” N.E. 
Coast Instn. Engrs. and Shipbldrs., Vol. 62, pt. 6 (Apr. 1946), pp. 249-270; 
pt. 8 (July 1946), pp., 119-138. See also: Shipbldr. and Mar. Engine-Bldr., 
Vol. 53, No. 446 (Apr. 1946), pp. 226-229; Naut. Gaz., Vol. 140, No. 9 (Sep. 


1946), pp. 50-55. 


328 


cing 
rder 


It is 
erent 
> the 
it in 
t ap- 


event 
fol- 
sures 


eller 
nooth 


f the 
ateral 


e tip, 
lades. 


static 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


SINGING PROPELLERS 


. Burrill, L. C. “Underwater Propeller Vibration Tests,” N.E. Coast Instn. 


Engrs. and Shipbldrs., paper for mtg. Feb. 11, 1949. See also: Ship-bldr. 
and Mar. Engine-Bldr., Vol. 59, No. 485 (Apr. 1949), pp. 358-361. 


. Conn, J. F. C. “Marine Propeller Blade Vibration,” Instn. Engrs. and Ship- 


bldrs. in Scotland, Trans., Vol. 82, pt. 4 (Feb. 1939), pp. 225-55, disc. 292-304 
and pt. 5 (Mar. 1939), pp. 305-374, (Bib.). See also: Shipbldr. and Mar. 
Engine-Bldr., Vol. 46, No. 355 (Apr. 1939), pp. 260-261. 


. Davidson, C. E. “Dancing Conductors,” Am. Inst. Elect. Engrs., Trans., Vol. 


49 (Oct. 1930), p. 1444 (Bib.) 


. Davis, A. (Chm. N.E.L.A. Hydraulic Power Committee). “Pitting of Hy- 


draulic Turbine Runners,” Power, Vol. 60, No. 1 (July 1, 1924), pp. 31-33. 


. Davis, A. W. “Characteristics of Silent Propellers,’ Instn. Engrs. and 


Shipbldrs. in Scotland, Trans., Vol. 83, pt. 2 (Dec. 1939), pp. 29-66, disc. 
66-68 and pt. 3 (Jan. 1940), pp. 66-102. See also: Shipbldr. and Mar. Engine- 
Bldr., Vol. 47, No. 368 (Apr. 1940), pp. 165-169. 

Davis, L. M. and G. W. Spaulding, “Kaplan Turbines at Safe Harbor,” Elect. 
Engrg., Vol. 51, No. 10 (Oct. 1932), pp. 728-733. See also: Am. Inst. Elect. 
Engrs., Trans., Vol. 52, No. 1 (Mar. 1933), pp. 220-8, disc. 228-231; Baltimore 
Engr., Vol. 7, No. 10 (Jan. 1933), pp. 4-8, 16; No. 11 (Feb. 1933), pp. 
9-11, 16. 

Den Hartog, J. P. Mechanical Vibrations, 3rd Ed., New York, McGraw Hill 
Book Co., Inc., 1947. Chap. 7, pp. 374-375. 

Den Hartog, J. P. “Transmission Line Vibration Due to Sleet,” Am Inst. 
Elect. Engrs., Trans., Vol. 51, No. 4 (Dec. 1932), pp. 1074-1076, disc. 
1077-1086. 

Dutoit, M. and M. Monnier. “Wear of Hydraulic Turbines Through Erosion 
and Corrosion.” Association Suisse des Electriciens, Bul. Vol. 23, No. 21 (Oct. 
14, 1932), pp. 537-547. See also: Eng. Abs. (Inst. Civ. Engrs. Lond.), No. 54 
(1933), Abs. 161, pp. 104-105. 

(Editorial). ‘Marine Propeller.”' Engineering, Vol. 146, No. 3802 (Nov. 25, 
1938), pp. 619-620. 

(Editorial). “Singing Propellers,” Engineering, Vol. 147, No. 3827 (May 
19, 1939), p. 594. 

Eggert, E. F. “Propeller Cavitation,” Soc. Nav. Archs. and Mar. Engrs., 
Trans., Vol. 40 (1932), pp. 58-74. See also: Mar. Eng. and Shipg. Rev., Vol. 38, 
No. 3 (Mar. 1933), pp. 97-100; Shipbldg. and Shipg. Rec., Vol. 41, No. 4 (Jan. 
26, 1933), pp. 83-84; Shipbldr. and Mar. Engine-Bldr., Vol. 40, No. 277 (Apr. 
1933), pp. 206-207. 

Fage, A. “An Experimental Study of the Vibrations in the Blades and Shaft 
of an Airscrew,” Proc. Roy. Soc. Lond., Ser. A, Vol. 107 (1925), pp. 
451-469. 

Graff, W. “Influence of Nonuniform Wake Stream on Propeller Perform- 
ance,” Shipbldr. and Mar. Engine-Bldr., Vol. 42, No. 303 (Apr. 1935), pp. 
328-329. 

Gutsche, F. “The Singing of Ships Propellers,” VDI Zeit., Vol. 81, No. 27 
(July 3, 1937), pp. 882-883. See also: Taylor Model Basin, Translation 123 
(Nov. 1943). 

Gutsche, F. “Singende Schiffeschrauben,” Schiffbau, Vol. 38, No. 7 (Apr. 1, 
1937), pp. 110-113. 


329 


7 
_ | 
|_| 
wake 
form, 
the 
r and 
|_| 
Screw 
disc., 
[rans- = 
-ropel- 
79-87, = 
ering, 
NE. = 
9-270; 
-Bldr., 
(Sep. 20. 
|_| 
) 


21. 


22. 


23. 


24. 


25. 


26. 


28. 


SINGING PROPELLERS 


Hirschberger, C. R. and F. C. Jones. “Propeller Characteristics under Non- 
Axial Flow,” Am. Soc. Nav. Engrs., Journ., Vol. 60, No. 4 (Nov. 1948), 
pp. 461-472. 

Holl, H. “Studies of Propeller Sections with Reduced Susceptibility to Cavita- 
tion,” Taylor Model Basin, Translation 18 (Feb. 1936). 

Hughes, G. “Influence of the Shape of Blade Section on Singing Propellers,” 
Instn. Engrs. and Shipbldrs. in Scotland, Trans., Vol. 85, pt. 3 (Jan. 1942), 
pp. 55-130. See also: Shipbldr. and Mar. Engine-Bldr., Vol. 49, No. 394 (Apr. 
1942), p. 123. 

Hughes, G. “On Singing Propellers,” Instn. Nav. Archs., Trans., Vol. 87 
(1945), pp. 185-208, disc. 209-216. See also: Engineer, Vol. 179 (May 18, 
1945), p. 388; Engineering, Vol. 159 (June 15, 1945), pp. 475-476. 

Hughes, W. L. “Propeller Blade Vibrations,” N.E. Coast Instn. Engrs. and 
Shipbldrs.; paper for mtg. Feb. 11, 1949. See also: Shipbldr. and Mar. Engine- 
Bldr., Vol. 56, No. 485 (Apr. 1949), pp. 352-357. 

Hunter, H. “Singing Propellers,’ N.E. Coast Instn. Engrs. and Shipbldrs., 
Trans., Vol. 53 (1936-7), pp. 189 +, disc., D73-120, (Bib.), See also: Am. Soc. 
Nav. Engrs., Journ., Vol. 49, No. 2 (May 1937), pp. 258-262. Engineer, Vol. 163, 
No. 4233 (Feb. 26, 1937), pp. 259-260, No. 4234 (Mar. 5, 1937), pp. 285-288; 
Engineering, Vol. 143, No. 3713 (Mar. 12, 1937), pp. 291-292; Mar. Eng., 
Vol. 60, No. 714 (Mar. 1937), pp. 61-63; Shipbldr. and Mar. Engine-Bldr., 
Vol. 44, No. 329 (Apr. 1937), p. 245; Shipbldg. and Shipg. Rec., Vol. 49, 
No. 7 (Feb. 18, 1937), pp. 202-208 and 450-452. 

Kell, C. O. “Propeller Cavitation Studies,” Instn. Nav. Archs., Trans., Vol. 
76 (1934), pp. 367-379. See also: Am. Soc. Nav. Engrs., Journ., Vol. 47, No. 
1 (Feb. 1935), pp. 123-136; Engineering, Vol. 183, No. 3576 (July 27, 1934), 
pp. 102-103. 

Kerr, W., J. F. Shannon, and R. N. Arnold. “The Problems of the Singing 
Propeller,” Inst. Mech. Engrs., Proc., Vol. 144 (1940), pp. 54-76, disc. 
76-90, ( Bib.) 


. Knapp, R. T. and A. Hollander. “Laboratory Investigations of the Mechanism 


of Cavitation,” Am. Soc. Mech. Engrs., Trans., Vol. 70 (July, 1948), pp. 
419-431, disc. 431-435. 

Lambie, W. “Singing Propellers,” Pac. Mar. Rev., Vol. 46, No. 10 (Oct. 
1949), pp. 35-37, 98; No. 11 (Nov. 1949), pp. 44-45, 99. See also: Am. Soc. 
Nav. Engrs., Journ., Vol. 62, No. 1 (Feb. 1950), pp. 224-229. 


. Lewis, F. M. “Propeller Tunnel Notes,” Soc.- Nav. Archs. and Mar. Engrs., 


Trans., Vol. 55 (1947), p. 290. 

Lewis, F. M. “Propeller Vibrations,” Soc. Nav. Archs, and Mar. Engrs., 
Trans., Vol. 43, (1935), pp. 252-285. See also: Shipbldr. and Mar. Engine- 
Bldr., Vol. 43, No. 316 (Apr. 1936), pp. 266-269. 


. Lyman, E. J. and H. A. Webb. “Emission of Sound by Airscrews,” Reports 


and Memo. Aero. Research Comm., No. 624 (March 1919). 


. McGoldrick, R. T. “Effect of Entrained Water on the Mass Moment of 


Inertia of Ship Propellers,” Taylor Model Basin, Report 307 (July 1931). 


. Michel, F. “Stromungserregte Resonanzschwingungen,” Werft Reederei 


Hafen, Vol. 3 (1939), p. 29. 


. Myklestad, N. O. Vibration Analysis, New York, McGraw Hill Book Co., 


Inc., 1944. Chap. VI, pp. 246-300. 


330 


|| 3 
= 3 
= 3 
4 
4 
4 
|_| 
4 
4 
|_| 
4 
34 
35 
|_| 


37. 


38. 


42. 


43. 


45. 


47. 


48. 


49. 


50. 


51. 


SINGING PROPELLERS 


Osterwalder, J. “The Importance of Cavitation in the Development of High- 
Pressure Kaplan Turbine Blading,” Escher Wyss News, Vol. 19/20 
(1946/47), pp. 17-24. 

Pagon, W. W. “Vibration Problems in Tall Stacks Solved by Aerodynamics,” 
Engrg. News Record, Vol. 113 (July 12, 1934), pp. 41-43. 


Parsons, C. A. and S. S. Cook “Investigations into the Causes of Corrosion 
or Erosion of Propellers,” Instn. Nav. Archs., Trans., Vol. 61 (1919), pp. 
223-231. See also: Engineer, Vol. 127, No. 3301 (May 2, 1919), pp. 427-428; 
Engineering, Vol. 107, No. 2781 (Apr. 18, 1919), pp. 515-519; Shipbldg. and 
Shipg. Rec., Vol. 13, No. 16 (Apr. 17, 1919), pp. 494-495. 

Reissner, H. “Oscillations of Suspension Bridges,’ Am. Soc. Mech. Engrs., 
Vol. 65 (1943), pp. A23-A32), ( Bib.) 


. Richardson, E. G. “Notes on Singing Propellers,” Engineering, Vol. 144, 


No. 3735 (Aug. 13, 1937), pp. 170-171. 

Ross, D. and J. M. Robertson. “Torpedo Propeller Design,’ Penn St. Col., 
Reprint UWS-1 (May 6, 1947). RESTRICTED. 

Rossell, H. E. and L. B. Chapman (Editors). Principles of Naval Architec- 
ture. New York, Soc. Nav. Archs. and Mar. Engrs., 1941 


Sato, K. and Y. Kohasi. “On Mechanisms of Emitting Singing Sounds from 
Revolving Marine Propellers,’ Tokyo Imperial Univ.-Aeronautical Research 
Inst. Report No. 165, Vol. 13, No. 11 (Aug. 1938), pp. 273-298. (In Japanese 
with brief English abstract.) 

Schmidt, H. F. “Cavitation,” Am. Soc. Nav. Engrs., Journ., Vol. 45, No. 3 
(Aug. 1933), pp. 253-269. , 
Shannon, J. F. and R. N. Arnold. “Experimental Investigations of Problems 
of Singing Propellers,” Roy. Tech. Col. of Glasgow, Journ., Vol. 4, pt. 4 (Jan. 
1940), pp. 736-755. 

Shannon, J. F. and R. N. Arnold. “Statistical and Experimental Investigation 
on the Singing Propeller Problem,” Instn. Engrs. and Shipbldrs. in Scotland, 
Vol. 82, pt. 4 (Feb. 1939), pp. 256-291 (Bib.), disc. 292-304 and pt. 5 (Mar. 
1939), pp. 305-374. See also: Engineer, Vol. 167, No. 4336 (Feb. 17, 1939), 
pp. 228-230; Shipbldr. and Mar. Engine-Bldr., Vol. 46, No. 355 (Apr. 1939), 
pp. 259-260. 

Sims, A. J. “British Submarine Design During the War (1939-1945),” Inst. 
Naval Arch., Trans., Vol. 89, No. 3 (1947), pp. 149-164. See also: Brit. 
Motorship, Vol. 28, No. 327 (Apr. 1947), p. 36; Engineering, Vol. 183, No. 
4758 (Apr. 4, 1947), p. 291; Shipbldg. and Shipg. Rec., Vol. 69, No. 12 (Apr. 
3, 1947), pp. 327-331. 

Smith, L. P. “Cavitation on Marine Propellers,’ Am. Soc. Mech. Engrs., 
Trans., Vol. 59 (1937), pp. 409-431 (Bib.), disc. Vol. 60 (1938), pp. 448- 
456. See also: Engineering, Vol. 145, No. 3762 (Feb. 18, 1938), pp. 183-184. 
Taylor, J. L. “Propeller Blade Vibrations,” Instn. Naval Archs., Vol. 85 
(1945), pp. 142-156. | 

Wood, A. B. Sound, New York, Macmillan Co., 1930, Sect. II, pp. 214-215. 


331 


| = 
39. 

40. | 
| 
| = 
= 
44, 

= 
46. 
| 
= 
= 
= 

x 


CIVILIAN NAVAL ENGINEERS 


G. R. Stuntz, Jr., Naval Architect, David Taylor Model Basin, observes the testing of a 
model of a cargo ship from the personnel platform beneath the towing carriage. 
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CIVILIAN CAREERS FOR 
NAVAL ENGINEERS 


ALBERT F. BIRD 


the Bureau of Ships. 


THE AUTHOR 


The author, a Panel Coordinator in the Equipment and Materials Committee of the 
Research and Development Board, recently completed fifteen years of service in 
Mr. Biro joined the Bureau in the Specifications Section 
from which he moved to the Turbine and Gear desk. Save for the World War II 
period which Mr. Bird spent in the Landing Craft Program for the Bureau of 
Ships, his career has been devoted to the Navy’s Turbines and Gears. 

Naval Engineering in the Bureau of Ships appealed to Mr. Bird shortly after 
his graduation from Massachusetts Institute of Technology in 1930 
proven to be a satisfactory career for the reasons presented in his paper. 


and has 


“This article written as an appeal to young engineers to 
accept employment in the Navy, is published in the JourNaL 
because of the very modern view of the Bureau of Ships 


which it presents.” 


Young men, you with new engineer- 
ing degrees, what a variety of careers 
lies open to you! New sciences and 
new looks on old technologies have cre- 
ated jobs that beckon to you from 
every industry. Courage and initiative 
forged by the emergency fill you with a 
dissatisfaction with old techniques and 
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an urge to remake things on a progres- 
sive, modern pattern. With your ambi- 
tion and training you demand a fair 
return on the investment you have made 
in money, time and hard work to secure 
the formal part of your education. ° 


How to select the opportunity that 
promises you the greatest satisfaction— 


CIVILIAN NAVAL ENGINEERS 


that is now your problem. How do you 
appraise the different assets of a par- 
ticular job? Do you value travel, wide 
acquaintance, working on design of the 
latest equipment, association with dis- 
tinguished engineers, enlarging your 
formal education, generous vacations? 
If so, have you considered how the 
Navy presents to you an opportunity for 
an engineering career second to none? 


Many factual job characteristics de- 
scribed here for the Bureau of Ships 
(taken as a typical example) are 
equally applicable to a great number of 
government bureaus, those of the De- 
fense Department in particular. Pay 
grades are the same, promotion policies 
and opportunity are comparable, work- 
ing conditions do not differ greatly. 
What you must appreciate as you com- 
pare jobs is the receptive attitude to 
new ideas and the spirit of team play 
you will find so gratifyingly integrated 
into the daily life of the Bureau of 
Ships. 


The Bureau of Ships is that part of 
the Navy which imagines and plans 
new ships, supervises their construc- 
tion and maintains them. It seems so 
easy to state these three functions, yet 
what a tremendous responsibility and 
what a lot of work is involved in carry- 
ing them out. Since World War II the 
keynote of the Bureau in all its branches 
is modern ideas. Staffs of specialists 
are breaking new ground in every phase 
of engineering from the radar antennae 
atop the masts of our ships to the 
sonar domes projecting beneath their 
keels. Most of these specialists need one 
or more of you to keep their thinking 
abreast of the newest and best that 
modern science has to offer. There are 
vacancies now in the Bureau of Ships 
and throughout the Navy, each vacancy 
an opportunity for your career. 


Do you want to be happy? Then you 
must feel that in performing your life 
work what you are doing is worthwhile. 
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The designing and building of the fleet 
and keeping it in powerful readiness is 
of paramount importance to the coun- 
try. It must, therefore, be vital to you. 
Suppose an engineer devises a propel- 
ler which will power an aircraft carrier 
with two additional knots of speed. 
How bright is his glow of pride when 
that flat-top races vast distances in time 
to turn the course of a battle! Again, 
suppose a naval engineer in the Bureau 
plans a listening instrument that hears 
a submarine in time to turn the battle. 
How great is the nation’s debt to him! 
Or, perchance, a naval engineer can 
help develop a turbine lighter and more 
powerful than any used in ships before 
so that tons of weight are saved for 
other things—and more missiles are 
carried. Enough more punch might be 
carried to win the day which might 
have been lost. Men, there is important 
work being tackled in the Navy and 
because of your training the country is 
looking to you to join the team and 
come to grips with it. 


An engineer delights in working with 
nicely fashioned machinery and beauti- 
fully balanced apparatus. You will find 
stimulating satisfaction in handling such 
equipment in the Bureau. For a century, 
the Navy has progressively employed 
only the finest equipment that can be 
designed. Engineering study and experi- 
ence have combined to demand in detail 
the best machinery and electric plant 
that the world can produce. That this 
apparatus must be continually improved 
is no reflection upon its designers but 
shows rather an aggressive effort by 
those same naval engineers and manu- 
facturers to surpass their own master- 
pieces. Civilian naval engineers are bat- 
tling in the thick of this improvement 
effort, using new alloys that glow red 
under operating temperatures, titanium, 
and the light alloys. 


So, when you “come aboard” at the 
Bureau, you will not find hopelessly 
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Young Engineers operate an integrator in Naval Architecture Branch of BuShips. 


obsolete units and antiquated old en- 
gines presenting glaringly apparent 
faults crying for change. Rather, you 
will find fine ships in which are excel- 
lent plants presenting to you a worthy 


_ challenge as you set about improving 


them. 


Naval engineering differs in two im- 
portant essentials from its commercial 
counterpart; variety in designs studied 
and degree of emphasis on dollar value. 
Engineers in private companies learn 
what they can of a competitor’s product, 
but of necessity trade secrets are held 
closely by the companies and usually do 
not fall into competitor’s hands. Thus, a 
commercial engineer’s background is 
largely confined to his own firm’s data. 
Naval engineers, on the other hand, 
must see, study and understand the 
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proprietary practices and designs of all 
companies doing Navy business. A 
broad view of the entire field is thus 
laid before them. 


Industrial manufacturers, designing 
with a sharp eye on cost and profit, are 
likely to consider a cut in quality to 
meet a price. Since the cost factor in 
naval machinery is subordinated to reli- 
ability, accessibility, light weight and 
economy, the Bureau engineer is trained 
to think of cost only after these other 
considerations have been satisfied. The 
Bureau insists on the finest quality 
product that can be made after a com- 
plete evaluation of competitive designs. 
Each apparatus is tailored to its task. 


Naval engineering in the Bureau is 
varied. If your interests are in theo: 
retical science, there is a place for you 
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TMB 43062 David W. Taylor Model Basin 
10 June 1950 

Mr. A. Campo, Engineering Aide, is 
checking to see that the model propeller is 
correctly mounted in the 12 inch variable 
pressure water tunnel where cavitation test 
will be run. 


in a dozen “long-haired” groups who 
continually search for answers to count- 
less puzzling problems. A little closer 
to actual design come the development 
staffs who calculate predicted ratings, 
performances, and efficiences of all sorts 
of apparatus from telephones to gas 
turbines. Still other jobs require analysis 
of proposals and plans from manufac- 
turers. Such work will broaden your 
experience with mechanisms, strength 
of materials both cold and at high oper- 
ating temperatures, electrical engineer- 
ing, chemical engineering, thermo- 
dynamics, and will open to you a host 
of sources of information. 


Electrical devices perform in thou- 
sands of places all over our ships. You 
engineers will find an opportunity in 
the Bureau to deal with intricate minute 
relays, electronic sensing circuits, pon- 
derous generator sets, power transmis- 
sion, distribution systems. At the same 
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time, research beyond familiar knowl- 
edge is being extended to refine and 
modernize the electrical way of doing 
things. 


Or you may “come aboard” in time to 
help inaugurate the era of nuclear 
power for ships. Here is a force new 
to many engineers which the Bureau is 
striving to utilize as propulsion power. 


Broad though the Navy’s research and 
development program may be, you as a 
Naval engineer will find it only a part 
of a truly vast network of study now 
under way by government agencies. 
Where possible, the Office of Naval 
Research and its far-flung investiga- 
tions are used by the Bureau. The Na- 
tional Advisory Committee for Aero- 
nautics contributes advice and other 
assistance to the Bureau from its wealth 
of engineering studies and extensive 
laboratories. All other branches of the 
government are available to the Naval 
engineer if he has curiosity and initia- 
tive to make use of their information 
and experience. 


The Bureau of Ships likes young en- 
gineers who realize that a man’s edu- 
cation is not sealed by a diploma. Truly, 
commencement, as the term implies, is 
a beginning of learning—learning to 
apply a man’s formal education to the 
business of living. Soon after com- 
mencement a man learns how little he 
knows even of the specialty studied at 
college. The Bureau encourages you to 
study further by arranging courses in 
various engineering subjects given in 
the Navy buildings. Some courses are 
conducted on government time, others 
directly at the close of business for your 
convenience. These studies are volun- 
tary and, if you wish, some of them on 
the graduate level, presented by several 
local universities, may be applied for 
credit toward advanced degrees. Also, 
as in any organization, your stature 
and capabilities indicated by mastering 
these courses are likely to be recog- 
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Journal Bearing Test Machine at Engineering Experiment Station, Annapolis, where 
Bureau of Ships Bearing Research programs are conducted. 


nized by the Bureau in the form of in- 
creased responsibilities. If you wish to 
study a wider range of subjects, Wash- 
ington is generously endowed with uni- 
versities and schools of every character 
where many Bureau people take ad- 
vanced degrees during hours after busi- 
ness. 


Travel and a _ wide engineering 
acquaintance can be in store for you as 
a member of the Bureau’s staff. To the 
Bureau comes the country’s best engi- 
neering talent to present proposals for 
new machinery and equipment and to 
develop, with the Bureau, machinery 
and electrical improvements of every 
character. You, as young Bureau en- 
gineers, meet and exchange ideas with 
these industrial leaders. They are the 
men who pilot new developments into 
working mechanisms. In no other busi- 
ness would you be able to develop the 
wide industrial acquaintance that can 
be yours as a Naval specialist. Your 


position also qualifies you to mingle 
with these men socially in gatherings of 
professional societies such as the Ameri- 
can Society of Naval Engineers. 


As your projects under development 
reach milestones in their progress, you 
will be sent on field trips to witness 
tests and see new processes. Naval ex- 
gineers with some years of Bureau ex- 
perience have traveled to most indus- 
trial centers of the United States for 
periods of a few hours to several weeks. 
On occasion, industrial trips to Europe 
have taken Bureau engineers out of the 
country for months. The Bureau recog- 
nizes and fosters the need for breadth 
of vision in its young men as gained by 
travel. 


Further traveling is involved in trials 
of Naval equipment afloat. On such trips 
you study your specialty in its ultimate 
function as a part of a formidable fight- 
ing machine. At the same time, you are 
able to observe all the other new and 
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startling devices that the rest of the 
Navy has been able to develop for that 
ship. The ship is the end product and in 
it you have the satisfaction of seeing 
the operating result of your imagina- 
tion and hard work. 


So much for the professional satisfac- 
tions which attach to your Bureau 
career. They are many, but there are 
still other advantages that a Naval en- 
gineer in the Bureau enjoys together 
with many government engineers in 
scores of Bureaus. These are the fiscal 
assets which are part of the job. 


Your work week is a 40-hour+ period 
at present spread over five days. Two- 
day weekends are a potent force in the 
enjoyment of spare time. The generous 
annual leave policy of 26 working days 
each year also gives you an opportunity 
for an extended vacation if you want it. 
However, unlike most companies, the 
Bureau allows the use of leave at al- 
most any time if you can be spared 
from duty. A day or two off when you 
want it gives a genuine feeling of free- 
dom. Sick leave provisions are likewise 
an important factor in favorable work- 
ing conditions. 


You are too young to think about 
retirement now. But, even so, let us 


+ Since changed to 44 hour (Editor). 


see why we as young men try to save 
money. Isn’t one reason so that we can 
have more things as we grow older? 
Insurance companies sell policies to you 
on the basis of a retirement income after 
you are 65. As a government engineer 
in the Bureau you are building an 
enviable fortune. At retirement age, if 
you are successful in your Bureau 
career, you will have an income such 
as could only come from a fortune in 
excess of one hundred thousand dollars. 
Or, stated another way, if you tried to 
buy equivalent insurance for retirement 
income, it would cost you $2300 each 
year from now until you reach retire- 
ment age. This capital asset is so attrac- 
tive to Bureau engineers that it fre- 
quently spells the difference between 
private and government employment. 
The retirement plan is valuable to a man’s 
family in the life insurance sense. It is 
really the essential nucleus of his whole 
financial security schedule. 


Suppose that you cannot resist the 
appeal presented here and at 23 years 
of age join forces with the Bureau as a 
Junior Marine Engineer (GS-5), 
salary $3100. You are pleased with your 
opportunity and fit into the Bureau’s 
scheme so that you may advance in 
grade and pay as shown by Table I. 


Table I 
1 Za 3 a 5 6 

1 GS-5 $3100 1 $ 186 $ 192 

3 GS-7 3825 2 653 691 

5 GS-9 4600 2 1,212 1,318 

7 GS-11 _ 5400 2 1,866 2,082 

9 GS-12 6400 2 2,640 3,017 
12 GS-13 7600 3 4,026 4,768 
19 GS-13 7600 10 7,530 9,808 
37 GS-14 8800 18 17,844 30,448 


* This is the entrance rate of the grade. It will be increased $125 each year for the first six years 


through grade GS-9 and $200 each 18 months the first 74 years for grade GS-11 through GS-14. 
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Young Bureau Engineers study main reduction gear model and dictate their conclusions. 


Now, the money you have paid into 
the retirement system (column 5) is still 
yours, but in the quantities shown in 
column 6. If you choose to leave the 
government service prior to 20 years’ 
service, you may withdraw your money, 
or, if you have had 5 or more years of 
service, you may leave it in the fund 
and receive an annuity at age 62. Not 
one cent of the money you paid into the 
retirement fund or the interest it has 
accumulated is ever lost. If annuity 
payments don’t use it all and there are 
no potential annuitants remaining, the 
balance will be paid to survivors in a 
lump sum. Following are some exam- 
ples: 


If after 9 years of service with the 
record shown above, you leave the gov- 
ernment, you may draw your $3,017 and 
consider it savings. Or, you may leave 
the money for annuity which you may 
draw at age 62 in the amount of ap- 
proximately $770 per year. 


But suppose you value your expand- 
ing career and work on until 12 years in 
the Bureau have passed and you have 
been in grade GS-13 for 3 of those 
years. You have built a family of a 
wife and three children, but you die— 
a gloomy picture, but you do. Now see 
the insurance aspect of the plan. Your 
family will receive an annual income of 
$1,548 until the children are 18 years 
old! After that your widow will receive 
$648 per year until her death or re- 
marriage. It would take a lot of insur- 
ance to do this for them under any 
other plan. 


Now look a long way ahead. You 
value your career more and more as 
years pass, and you neither leave the 
government nor die, and, in fact, you 
are promoted to a GS-14 grade from 
which you pass into retirement at age 
62. You may choose between two ways 
of receiving your income: (a) Life 
annuity of $5,439 per year for life; 
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(b) life annuity with survivorship pro- 
vision for widow for life under which 
you would receive $4,970 per year until 
your death after which widow would 
receive $2,720 per year for the re- 
mainder of her life. 


Now contrast these facts with your 
retirement income if you pursue a pri- 
vate employment career. The Govern- 
ment Social Security system now in 
force will assure you of an annual in- 
come of only $960 after 65 years of age. 
Your wife’s 40 additional dollars per 
month from Social Security funds will 
boost the annual amount to $1,440. 


Since you have twenty or thirty 
years of Bureau career ahead of you, 
it is probable that still further liberaliza- 
tion of the government retirement sys- 
tem will take place before you reach the 


BuShips Gyro Specialis 


t at work 


age to use it. This improvement in your 
security will make your Bureau career 
all the more attractive then and there- 
fere should carry weight in helping you 
decide now to join forces with the 
Naval engineers. 


Last in sequence, but not necessarily 
in importance, comes the pay scale used 
for Naval engineers in the Bureau. For 
college graduates with little or no pro- 
fessional experience, the Bureau pays 
$3,100 per year (GS-5). Added years 
of college or years of professional ex- 
perience of a’ suitable character raise 
the entering salary to a $3,825 or $5,400 
level (GS-9 to GS-11). From these 
brackets on up to the $11,000 scale of 
top bracket Naval engineers, increases 
in salary are gained through acceptance 
of progressively increasing responsi- 
bility and authority. 
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Supervision in the Bureau is of a 
dual character in that both Naval Offi- 
cers and civilian engineers participate 
in the administrative structure. Naval 
Officers selected for engineering duty in 
the Bureau possess an aptitude for en- 
gineering augmented by years of varied 
experience in engineering duty, both on 
shipboard and in shore establishments. 
Relationships between Naval engineers 


and their Regular Navy supervisors are. 


refreshing because an outstanding per- 
formance by the civilian Naval engineer 
reflects credit upon his office, including 
all the Naval Officers in his administra- 
tive structure. Thus, supervisors, either 
Naval or civilian, value the young men 
highly and recognize the mutual benefit 
of increasing the young men’s experi- 
erice. Supervisors try to place responsi- 
bility on successful young men as 
rapidly as the load can be borne. 


As you reach the close of this pres- 
entation, please ponder these advan- 
tages which a career in the Bureau of 
Ships holds out to you: 


(a) You will do worthwhile work 
where the likelihood of your mak- 
ing a_ significant contribution 
both to your country’s welfare 
and engineering in general is 
good. 


(b) The engineering items you deal 
with are worthy examples of the 
art at the present stage of their 
development. As such, their im- 
provement presents you a real 
challenge. 


(c) Nowhere will you find a broader 
engineering experience than in 
the Bureau of Ships where ex- 
cellence of design transcends 
dollar considerations. 


(d) Your opportunities in broaden- 
ing your formal education are 


Electron Microscope at Engineering Ex- 
periment Station, Annapolis. This instru- 
ment is used in solving Bureau of Ships 
problems, such as elimination of Boiler 
Scale Deposits. 


varied and plentiful both in the 
Bureau and the city of Wash- 
ington. 


(e) Travel is an important part of 
your job. 


(£) Wide acquaintance and friend- 
ship with the country’s leading 
engineers is encouraged by the 
Bureau. 


(g) Good working conditions and gen- 
erous allowance of leisure time 
make you feel free. 


(h) Your retirement income, the rea- 
son for such private saving, is 
more generous than industrial 
pensions and it carries with it 
insurance benefits otherwise avail- 
able only at high cost. 


REFERENCE 
NAV EXOS-P-832. Scientific Personnel Employment Bulletin. Jan. 1951. 
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THE MOBILIZATION PICTURE TODAY 


An address by Rear Admiral R. T. Cowdrey, USN, Deputy Chief of Naval 
Material, Navy Department, before the Southeastern Military-Management Con- 


ference, Atlanta, Georgia, 11 January 1951. 


The mobilization picture today is one 
which portrays a complete realignment 
of the national economy. This realign- 
ment is designed to divert a sizable 
portion of the production potential of 
American industry from producing 
civilian items to producing military 
end items and equipment that are neces- 
sary to support the military prepared- 
ness measures of the nation. The scope 
of conversion of American industry is 
extensive because it involves not only 
the development of production capacity 
required to produce the weapons, equip- 
ment, materials and supplies needed to 
equip an Armed Force to upward of 
about 3,500,000 men but also the de- 
velopment of production knowledge, 
techniques and potential which will be 
necessary to support an all out mobiliza- 
tion of military strength in the event of 
a declaration of war. More important, 
conversion of the industrial capabilities 
of the production potential of industry 
to war production at this time is a 
warning to all aggressor nations of our 
military and production readiness, and 
therefore, should serve as a deterrent 
to war. Furthermore, the military pre- 
paredness measures: now being taken 
should serve to buy time during which 
we may continue our endeavors to re- 
solve the many world problems through 
the peaceful channels, available to all 
nations, and in so doing avert the calam- 
ity of a third world war. 
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The scope of my subject is so great 
that I am forced to restrict my com- 
ments to the mobilization efforts of the 
Department of Defense and their effects 
on industry. Since the declaration of a 
national emergency by President Tru- 
man on December 16, 1950, and the 
stated objective of building up to an 
Armed Force to upward of about 3,500,- 
000 men, the three Departments are 
now stepping up their procurement pro- 
gram. Furthermore, the declaration of 
the national emergency has had an im- 
portant effect upon the procurement 
procedures of the three Military De- 
partments. Section 2(c)1 of the Armed 
Services Procurement Act of 1947 
(Code 62 Statute 21) has been activated 
which is quoted in part as follows: 

“Purchases and contracts for sup- 
plies and services made by the Depart- 
ment of the Army, the Department of 
the Navy, the Department of the Air 
Force, the United States Coast Guard, 
the National Advisory Committee for 
Aeronautics, and the Central Intelli- 
gence Agency, need not be made by ad- 
vertising if determined to be necessary 
in the public interest during the period 
of a national emergency declared by the 
President or by the Congress.” 

In order to provide guidance for use 
of Section 2(c)1 of the Armed Forces 
Procuremeent Act, the Secretary of 
Defense has issued the following ground 
rules to insure: 
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(a) The greatest possible integration 
of current procurement contracts with 
the industrial mobilization program and 
the accepted schedules of production. 

(b) The equitable distribution of pro- 
curement contracts among the maximum 
number of competent suppliers. . The 
concentration of contracts with a few 
leader suppliers is to be avoided unless 
the necessity therefor is clear. 

(c) The utilization of existing open 
industrial capacity to the maximum. 
Expansion of facilities should not be 
authorized when open capacity can be 
found. Whenever time permits, and in 
order to broaden the mobilization base, 
additional contractors should be utilized 
in lieu of multi-shift or overtime opera- 
tion. 

(d) The fullest possible use of small 
business concerns. 

(e) The utilization in negotiation of 
competition and multiple awards when- 
ever possible. 


(f{) The aggressive encouragement 
or requirements of subcontracting by 
prime contractors. 


(g) The provision of maximum in- 
centive to the producer for the reduc- 
tion of his costs. 


(h) The placement of contracts with 
a view to economics in the use of trans- 
portation facilities. 


(i) The availability of manpower in 
distressed employment areas or in areas 
of manpower shortages, and 


(j) The reservation of special skills 
and abilities for the more difficult pro- 
duction tasks. 


Before discussing the application of 
the above mentioned ground rules to 
current procurement programs, a review 
of the current scope of miltary appro- 
priations is considered important. When 
the Korean incident overtook us, our 
total defense appropriation for all three 
Services aggregated about 13 billion 
dollars. Since then, we have had about 


* Subsequently approved. 


12 billion dollars additionally appro- 
priated, and a defense budget currently 
before Congress* is approximately 17 
billion dollars more. If the 17 billions 
currently being requested for the De- 
partment of Defense are appropriated 
and added to the 25 billion dollars now 
available, the total would be 42 billion 
dollars. Of these monies appropriated 
or to be appropriated, I estimate that 
approximately 25 billion will be con- 
verted to production contracts, the re- 
maining dollars being utilized to finance 
the operation of the Armed Services. 
With these background remarks in 
mind, I will outline for you how the 
ground rules, as issued by the Secretary 
of Defense, will be followed. 

The first ground rule is one of the 
most important with respect to the 
mobilization planning of the Depart- 
ment of Defense. Since early 1947, the 
three Departments under the guidance 
of the Munitions Board have been em- 
barked on a program of providing in- 
dustry with a statement of mobilization 
requirements which would enable the 
various producers to determine their 
production loads in the event of an all 
out mobilization and to carry forward 
their internal peacetime planning cov- 
ering the action they would have to 
take to effect a speedy transition to 
wartime production. As a result of this 
program, designated representatives 
of the three Departments have con- 
tacted the representatives of industry 
and have arrived at specified produc- 
tion schedules for military end items in 
the event of mobilization. It has been 
determined by the Secretary of De- 
fense that it is now necessary to com- 
mence meshing the current procurement 
programs with the industrial mobiliza- 
tion plans. Therefore, the three De- 
partments will (insofar as the current 
military procurement programs permit) 
place contracts with the producers who 
have agreed to produce specific military 
items in time of mobilization. 
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I wish to emphasize, however, that 
the meshing of current procurement pro- 
grams into the industrial planning pro- 
grams will not result in the elimination 
of qualified bidders for military business 
who have not been included in the in- 
dustrial mobilization planning program. 
As set forth under ground rules (b) 
and (c) the military departments are to 
provide for equitable distribution of pro- 
curement contracts among the maximum 
number of competent suppliers and to 
utilize existing open industrial capacity 
to the maximum. Under ground rules (b) 
and (c), the procurement activities will 
be contacting all qualified suppliers in 
order to develop as many sources of 
military items as possible under the 
current programs. 


In the speed-up of military procure- 
ment, the small business enterprises 
have not been forgotten. It has been, 
and will continue to be, the policy of the 
Department of Defense, that small 
business concerns do in fact partici- 
pate in military procurement, both at 
the prime and subcontract level. The 
Departments know the degree to which 
small business concerns secure prime 
contracts and participate in the sub- 
contracts. Therefore, it is the policy, as 
outlined in ground rules (d), (e) and 
(£), to obtain not only the fullest possi- 
ble use of small business concerns but 
also to encourage sub-contracting by 
prime contractors. 

The remaining ground rules (g) to 
(j) inclusive require the procurement 
agencies to take into consideration such 
important factors as _ transportation, 
manpower in distressed employment 
areas, and reservation of special skills 
and abilities for more difficult produc- 
tion tasks. 

In conjunction with the speeding up 
of military procurement, the military 
departments are also assisting industry 
in meeting this challenge. Under Title 
III, of the Defense Production Act, the 
Departments have been authorized to 
make provisions for participation in 
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guarantees of loans to private enter- 
prises (including research organizations 
not organized for profit) for: 


a. Expansion of capacity 


b. Development of _ technological 
processes, and 


c. The production of essential mate- 
rials, including the exploration, develop- 
ment, and mining of strategic and cri- 
tical metals and minerals. 


In determining what form of financ- 
ing should be made available to sup- 
pliers by the government, the following 
preference generally is observed al- 
though there may be valid exceptions in 
specific cases: 


a. Progress or partial payment 


b. Guaranteed loans (with financing 
institutions participating to an extent 
appropriate to the risk involved) 

c. Advanced payments, and 


d. Direct loans. 


The Guaranteed Loan Program, which 
is concerned with short-term working 
capital requirements, was _ previously 
initiated during World War II and it 
was known as the “V Loan Program.” 
Losses were negligible and the Federal 
Reserve Board March 1946 Report on 
this subject indicated that the over-all 
operation showed a profit. Loans of this 
type are again available to suppliers 
under Regulation V, Federal Reserve 
Regulations, as reissued, effective Sep- 
tember 27, 1950. 


The three Departments are further 
cooperating in every way possible with 
the contractors, the banks, and the Fed- 
eral Reserve Board in order to assure 
that defense production is not retarded 
due to lack of adequate financing. The 
second type of financing available to 
industry, namely, direct loans to con- 
tractors made through the Reconstruc- 
tion Finance Corporation, are in the 
nature of capital loans as contrasted 
with short term working capital loans 
under the “V” loan program just dis- 
cussed. In fact, the application form for 
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direct loans states they must be “for 
such major purposes as land acquisi- 
tions, building construction, purchase of 
plants, purchase of equipment, etc.,” The 
RFC acts as agent in making direct 
loans as these loans are similar to other 
types of loans customarily handled by 
that agency to assist heavy industry or 
other business in obtaining financing not 
procurable elsewhere on _ reasonable 
terms. 


The procedure to be followed in mak- 
ing application for a direct loan has 
been set forth as follows: 


a. Applications should be filed with 
the Department of Commerce, Depart- 
ment of Agriculture, Department of In- 
terior, or the Defense Transport Ad- 
ministration, whichever has the primary 
interest in the facilities, products, or 
processes involved. However, for con- 
venience of the applicant, he may file 
with any government agency with which 
he has contact or other pertinent rela- 
tionships and such agency will arrange 
for the transmittal of the application to 
the appropriate office. The last sentence 
of the foregoing would, of course, cover 
the Department of Defense, although it 
is not specifically named. For example, 
it an application is made to the Navy 
Department, the application is for- 
warded with appropriate comment to 
the National Production Authority, 
which in turn prepares a proposal for 
certification by the National Security 
Resources Board and forwards the ap- 
plication to the latter agency. 


b. If the National Security Resources 
Board approves the application, it is 
returned to the delegate agency, which, 
in turn, transmits the certification to 
the RFC which acts as agent in making 
the loan after release of the funds by 
the Bureau of the Budget. 


A contractor requesting a direct loan 
may file application with any of the 
field offices of the certifying agencies, 
which, in turn, will transmit them to 
the proper office in Washington. Gen- 


erally speaking, this type of loan is an 
expedient resorted to only after other 
types of financing have been denied, or 
the specific purpose for which the funds 
are sought is of such a character as to 
properly belong in this category. 


Before leaving the general subject of 
financing, it seems appropriate to di- 
gress for a moment and speak about 
Necessity Certificates, which permit ac- 
celerated amortization under Section 
124A of the Internal Revenue Code as 
this has a bearing on broad financial 
operations. 


First, I should like to define in this 
connection two terms: (1) Necessity 
Certificates, and (2) Emergency Fa- 
cility. 

“Necessity Certificate” is a certificate 
made pursuant to Section 124A of the 
Internal Revenue Code, certifying that 
the construction, re-construction, erec- 
tion, installation, or acquisition of the 
facilities referred to in the certificate is 
necessary in whole or in part in the 
interest of national defense during the 
emergency period, and certifying the 
portion thereof attributable to defense 
purposes. 

“Emergency Facility” is any facility, 
land, building, machinery or equipment, 
or any part thereof, the construction, 
reconstruction, erection, installation, or 
acquisition of which was completed after 
December 31, 1949, and with respect to 
which a Necessity Certificate has been 
made. 


Several criteria have been set up for 
determining when it will be appropriate 
to authorize use of Necessity Certificates 
for accelerated amortization of emer- 
gency facilities. Some of these criteria 
can be outlined as follows: 


a. The material or service to be pro- 
duced must be required in whole or in 
part in the interest of national defense 
during the emergency period ; 


b. There must be an existing or pros- 
pective shortage of facilities for the 
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production of the materials or services 
sought to be certified ; and 


c. Consideration must be given to the 
probable economic usefulness of the 
facility for other than defense purposes 
after five years. 

There are other general factors but 
the foregoing indicate the approach to a 
determination and provide enough back- 
ground for considering procedures. The 
other general factors are: 

(a) All applications are to be filed 
with the NSRB in Washington and 
must be on file before* March 23, 1951. 

(b) The application is then referred 
(through the NPA) to the Department 
having a preponderant interest in the 
situation for recommendation and re- 
port. In all cases where the Navy has 
preponderant interest, the Office of 
Naval Material will coordinate the 
processing work by the various bureaus. 


(c) The recommendation and report 
of the Department having preponderant 
interest is returned to NPA which for- 
wards the application to NSRB, with 
its own recommendation for appropri- 
ate action, affirmative or negative; and, 
finally, 

(d) If the action by NSRB is affirma- 
tive, a Certificate is issued and for- 
warded to the Commissioner of Internal 
Revenue. This certificate constitutes 
evidence that the facilities are neces- 
sary in the interest of national defense 
to the extent certified. 

Briefly, I would now like to mention 
priorities. The main purpose of the 
priority rating system is to assure that 
military requirements are met before 
civilian needs. Furthermore, such a sys- 


tem assures the ability of the prime 
contractor to obtain the necessary ma- 
terials. As was expected, there has been 
the inevitable confusion in certain as- 
pects of the priority rating program to 
the extent that clarification of regula- 
tions and procedures has been necessary. 
Confusion has been experienced pri- 
marily in connection with items ex- 
cluded from rating authority procedures 
for handling government-furnished 
equipment, interpretation of definitions, 
etc. On the whole, the American eco- 
nomy and the military demands on same 
have been handled astonishingly well, 
which is probably due to the fact that 
actions to date have been based on 
World War II experience. 


Now that the world situation has be- 
come more critical, it is reasonable to 
expect that all forms of government 
controls will have to be more stringent. 
While it is beyond the power of any 
one individual to predict accurately the 
course of coming events, it seems en- 
tirely reasonable to anticipate that all 
forms of controls, i.e., wage controls, 
price controls, rationing, etc., will be 
implemented. As to when such will take 
place, I cannot predict. 


The Military Departments are doing 
everything in their power to speed up 
the placing of contracts with industry 
in order to bridge the gap of conver- 
sion from civilian production to military 
production. American industry must 
produce the items required for our pre- 
paredness for peace and the Military 
Departments must assist whenever pos- 
sible—we must be a team, a team for 
preparedness. 


* If construction was started prior to December 23, 1950. If started later, the application must be 


filed within 3 months (Editor). 
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THESIS 


Man has long been vitally concerned with the depths of 
bodies of water. His progress in science and engineering 
is shown on a small scale by his improvements in the 
methods by which he can determine the depths of the sea. 
And the increase in his knowledge of the physical world 
in which he lives, brought about by his progress in science 
and in engineering, is in turn shown by the effectiveness 
of his present-day deep sea sounding equipment and tech- 
niques. 
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What is the shape of the bottom of 
the ocean? We know what the top looks 
like, but what shape does the bottom 
take? Is it a broad, flat plane, over 
which ocean currents can sweep in any 
direction, like winds over a desert? Or 
does it have deep places, and shallow 
places, and mountain ranges and gullies 
that can channel ocean currents in spe- 
cific directions continuously, and in this 
manner affect the climate and winds 
over land and sea? Thanks to the pains- 
taking efforts of mariners and oceanog- 
raphers of the last century, and to the 
progress of our scientists and engineers 
of the past forty years, all of those ques- 
tions have been answered. Contained in 
navigational charts and in data books, 
the answers are available to any per- 
son who will go to the trouble of writ- 
ing for them. 


The story of the development of the 
navigational chart as we know it today 
is largely a story of the development 
of means by which the depth of ocean 
at any point was determined. For the 
most important basic information re- 
quired at the outset was that of con- 
figuration of the ocean bottom. Ocean 
currents, much like rivers on land, fol- 
low the low points to a large extent, 
carrying cold water or warm water 
great distances, and affecting the winds 
and weather in far-away places.* 


How long has man been sounding the 
depths of bodies of water? What has 
been the order of development of equip- 
ment and techniques used in sounding? 
If by “bodies of water” we mean oceans, 
and if by “depths” we mean deep water 
such as that found only in the oceans, 
the answer to the former question turns 
out to be considerably less than 200 
years. If, on the other hand, we include 
the shallow waters of the oceans, the 
continental shelves, and the waters as- 
sociated with river mouths and harbors, 
the answer is something over 5,000 
years. But, although we will concern 
ourselves in this paper primarily with 
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the oceans, for a complete history of 
sounding we must include rivers and 
lakes. And if we include the rivers and 
lakes, we find that the true answer to 
the first question can come only from 
an archaeologist who can establish the 
date, in deep antiquity, when prehis- 
toric man made his first raft. In answer 
to the second question, we can show 
that there was indeed little development 
in the art during the period from the 
Stone Age in Europe down to the 
nineteenth century ; that during the nine- 
teenth century some worthwhile prog- 
ress was made; but that the systematic 
improvements made during the last 
forty years have exceeded the wildest 
dreams of the hydrographers of any 
earlier period. 


What would Captain Maury have 
done had he dreamed of a modern 
Fathometer ? It was Captain Maury who 
proposed the cannonball-and-twine meth- 
od of deep sea sounding to the hydro- 
graphers of a hundred years ago. What 
would prehistoric man have said? What 
were the methods of prehistoric man? 


There can be little doubt that pre- 
historic man was the first to use a 
method of sounding the depth of water. 
Although we know really very little 
about him, we do know that he migrated 
across continents, crossing rivers as he 
went. His first water-going craft was 
fashioned of logs, sticks, reeds, or other 
light-weight material lashed together to 


form a raft.2, Next probably came boats. 


fashioned from whole logs hollowed out. 
Such boats have been found associated 
with the lake dwellers of Switzerland, 
dating back to the Neolithic Age.2 We 
may safely assume that by the time 
man had developed intellect enough to 
lash logs together to form a raft he had 
learned that he could make his craft 
move against the current or across the 
stream by pushing a long stick against 
the bottom of the stream or lake. For, 
without some means of propulsion, he 
had no incentive to build a raft, and 


: 
4 


y of 
and 
and 


r to 
rom 
the 
ehis- 
swer 
show 
ment 
| the 

the 
1ine- 
rog- 
natic 

last 
Idest 

any 


have 

who 
neth- 
ydro- 
What 
W hat 
man ? 


pre- 
ise a 
vater. 
little 
rated 
as he 
was 
other 
1er to 


boats. 


d out. 
ciated 
rland, 
We 
time 
gh to 
ie had 
craft 
ss the 
gainst 
For, 
ym, he 
and 


poling was the most obvious and sim- 
plest means of propulsion. Millenniums 
later, possibly within the broad period 
of the Stone Age in Europe, he prob- 
ably discovered that he could stop or 
anchor his craft by dropping a stone 
tied to the end of a vine or crude rope, 
if he retained the other end. Surely it 
is reasonable to assume that the lake 
dwellers had occasions to anchor their 
boats. And in propelling his craft by 
poling, and in stopping it using a crude 
anchor, prehistoric man discovered two 
methods by which the depths of water 
under his craft could be sounded. For, 
although he had no standards of length, 
by observing intuitively the relative 
amount of stick or rope which descended 
into the water, could he not perceive 
the depth? 


The earliest ship of which we have 
any knowledge, the earliest vessel capa- 
ble of traveling over an ocean, was the 
Egyptian galley of about 3000 B.C.4 
This was a fairly large craft, as judged 
by the standards of the day. Surely 
there must have been some means by 
which the captain was assured he was 
in deep water. For, although propulsion 
depended on oars, the vessel could at- 
tain enough momentum to be used as a 
ram, to smash in the side of an enemy 
vessel. Such momentum, applied to a 
submerged rock, could smash in the 
galley’s. bottom. Shallow water must 
therefore be avoided. The exact means 
by which depth was determined is not 
known for a certainty, but the crudest 
method available would be one of those 
methods used by the Egyptian’s prehis- 
toric ancestors, probably the weighted- 
line principle. 


The weighted-line method certainly 
was being used some 2500 years later. 
According to a modern translation of 
Herodotus’ > (484 ?-425? B.C.) writings 
the Greeks “cast the lead” and measured 
the depth of water in terms of a fixed 
standards of length.6 As we will see 
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later, the use of a standard of length 
with the weighted line was the only 
improvement of consequence from the 
days of the Stone Age down to the 
nineteenth century. 


During Biblical times a hand-held, 
weighted line probably was used. Paul, 
being taken to Italy, observed that the 
seamen approached the land cautiously 
and sounded the bottom twice. The first 
sounding indicated twenty fathoms of 
water, the second, fifteen fathoms. On 
taking the second, the seamen anchored 
the ship, fearing that, if they approached 
closer to an unfamiliar coastline, the 
ship might strike a rock.7 Without go- 
ing into the question of the true length 
of the Biblical “fathom,” we may be 
virtually certain that, in order to be 
safe from the rocks and shoals close to 
shore, the seamen anchored in water 
too deep to be sounded with a pole. 
Therefore they must have used a 
weighted line. 


The difficulty of finding any comments 
on the art of sounding in literature ° 
earlier than the nineteenth century leads 
us almost to assume that there was no 
interest in the art until that time. Hav- 
ing existed in its crude form for count- 
less generations, perhaps it was taken 
for granted and looked upon as some- 
thing that sailors did but which was 
not worth improving, nor even worth 
writing about. 


Certainly there were no improve- 
ments made, for to this very day the 
lead-line is used extensively all over the 
world for shallow-water sounding. Even 
on modern men-of-war, it is used to 
supplement tHe electronic equipment. 
Although basically unimproved, it is 
considered quite important. Its impor- 
tance is reflected in U.S. Naval Regula- 
tions, which require the use of the hand 
lead when entering and when leaving 
port, or when approaching an anchor- 
age, a shoal, or a rock. It is used espe- 
cially when a slight drift must be de- 
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tected instantly, as when approaching 
an anchorage in shallow water.® 


We are all a least vaguely familiar 
with man’s experiences on the sea be- 
fore the nineteenth century. We have 
read of scores of stout-hearted ship 
commanders who explored vast areas 
of ocean, discovering and plotting is- 
lands and continents as they explored. 
Through their exploration, these sea- 
faring men had developed a moderate 
knowledge of the ocean; passed down 
in an unbroken chain from generation 
to generation and added to slightly from 
time to time, this knowledge had grown 
to significant proportions in some re- 
spects. During the nineteenth century, 
however, still more knowledge of the 
ocean came to be urgently required. Sea 
transport on a world-wide basis had 
been increasing steadily for years, and 
had, by the nineteenth century, attained 
considerable magnitude and wunques- 
tioned importance. Along with other 
oceanographic information required was 
a more comprehensive knowledge of 
ocean depth. Mariners and oceanog- 
raphers, working on problems of 
weather, had learned that the contour 
of the ocean floor had a profound effect 
on the temperature of the water and 
on currents, and therefore on the 
weather. Moreover, the successes of 
Morse’s telegraph over land inspired 
audacious engineers to thoughts of tele- 
graph from one land mass to another 
under the sea. By 1850 scores of ma- 
rine cables were in successful use over 
short distances in many parts of the 
world,!° and a cable to cross the Atlan- 
tic Ocean and connect the New World 
with the Old was being planned.*! More 
information on depths*of the ocean 
along the prospective cable routes was 
needed, for cable-laying required an 
accurate knowledge of depth, character 
of bottom (for assurance that the cable 
would not be worn badly by rubbing on 
sharp rocks), and currents at the bot- 
tom of the sea along the prospective 
cable routes.12 These new interests in 
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the ocean’s floor furthered the art of 
deep sea sounding and brought modern 
intelligence to bear on methods by 
which the required information could 
be obtained.** 


In the interests of providing the 
necessary oceanographic information, 
hydrographers made many long, tire- 
some and expensive voyages. Their 
vessels were the old sailing ships of the 
day, cumbersome and uncomfortable. 
Many of the hydrographic cruises lasted 
for years, and were punctuated with 
hardships, danger and frustration. 


Nor did the sounding equipment 
available during the 1850’s detract from 
the hardships and frustration. No im- 
provements had been made in the meth- 
ods of sounding. A man still dropped a 
weighted line overboard, letting the 
weight slip to the bottom and then haul- 
ing it up by hand, if the water was not 
too deep. Before 1773, if any efforts at 
all were made to sound the bottom of 
the sea they were unsuccessful, for the 
earliest genuine deep-sea sounding was 
recorded in that year. Captain Phipps 
had all the hand sounding lines on 
board his vessel spliced together. After 
attaching a weight of 150 pounds to the 
line, crewmen dropped the weight over- 
board, and payed out nearly a mile of 
rope before the weight struck bottom.1* 
Then they had to haul it all in. By 
1850, the principle used was not quite 
as bad as that, but it was almost as 
bad. By 1850 the men were employing 
light twine instead of rope. 


If we think about it a while, we will 
not belittle the transition between rope 
and light twine. Although the improve- 
ment may seem simple-minded at first, 
actually it becomes a tremendous stride 
in the art of deep sea sounding when 
judged in the light of three thousand 
years of no improvement at all. That 
one improvement was the brain child 
of a U.S. Navy captain. Captain (then 
Lieutenant) Matthew Fontaine Maury, 
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U.S.N., (1806-1873) probably the great- 
est individual hydrographer in the 
United States during the nineteenth 
century and a powerful exponent of the 
science of hydrography, realizing the 
importance of gaining knowledge of 
the depths of the ocean proper, intro- 
duced a system for deep sea sounding 
which could be followed by almost any 
seafaring man worthy of the title. This 
system was extremely crude by present- 
day standards. But it was nevertheless 
a vast improvement, and did in fact 
make possible a hitherto impossible 
function: Using Captain Maury’s sys- 
tem with patience and emotional forti- 
tude, it was possible to sound depths to 
about 3000 fathoms. Captain Maury’s 
equipment consisted of a ball or skein 
of strong twine and a cannon shot for 
a weight. Dropped over the side, the 
weight bore the twine downward, as 
had been the practice for thousands of 
years. But the good captain introduced 
certain refinements. First of all, he 
established specifications for the twine 
used. It should bear a weight of 20 to 
30 pounds, he said, should have about 
the same specific gravity as seawater, 
should be a smooth kind of twine, and 
should be waxed or oiled. Prepared for 
a sounding, the twine should be marked 
every 100 fathoms with silk thread tied 
tightly around it. Every thousand fath- 
oms should be coded with a different 
colored thread, the 100-fathom marks 
corresponding. The cannon shot should 
not be just tied on; rather, it should be 
placed in a sling made of canvas, and 
the sling fastened to the twine. When 
dropped overboard, the shot bore the 
end of the twine downward. When the 
shot struck bottom, the line was broken 
and the length of line lost, presumably 
being equal to the depth of water, was 
recorded. The moment at which the 
cannon shot struck bottom was indicated 
by a sudden slackening in the rate at 
which the twine was being payed out.1® 


As one may well expect, there were 
some successes with Captain Maury’s 
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method, and many failures. The suc- 
cesses may be attributed more to dogged 
perseverance and the high state of 
discipline among seafaring men than to 
perfection of the system in use. The 
failures were due for the most part to 
defective twine, weather conditions, and 
to difficulties experienced in the handling 
of the cumbersome sailing vessels. Some 
failures were probably due to the human 
factor: jerking of the line, tying of 
insecure knots, making of errors of 
measurement, and possibly others. 


For details concerning the use of 
Captain Maury’s cannon shot and twine 
method of deep sea sounding, we may 
look to the USS Albany and to the 
USBrig Dolphin which, among many 
other vessels, made extensive cruises 
in search of hydrographic data of all 
sorts. Writing in the official report of 
the Albany’s cruise of 1850, Lieutenant 
William Rodgers Taylor expressed his 
feelings of disappointment and of hope: 
“We lost six shot in attempting to 
sound today, owing to the heavy swell, 
which caused the line to snap when the 
ship rose abaft. We then tried a bar of 
iron . . . which descended more rapidly 
than the shot; but the line failed and 
snapped . . . [we then] resorted to a 
thirteen-pound lead, and got bottom 
[1625 fathoms] . . . I set the drift at 
about one mile, from which you can 
easily calculate the perpendicular depth 
... Later on, he added: “The experi- 
ments of today. have cast a doubt over 
the former soundings, and now I am 
uncertain whether we ever obtained bot- 
tom...” In spite of ideal weather for 
sounding, he had obtained contradic- 
tory and confusing results. However, 
he added a ray of hope: “I am satisfied 
of the entire practicability of this mode 
of sounding,” he said, “if you can get 
us good line; by good, I mean of equal 
strength. . . .”16 Under similar cir- 
cumstances, the Dolphin, in 1853, 
sounded to 3575 fathoms. In preparing 
for the cruise, the Dolphin took on a 
total of 235,000 fathoms of fishing line, 
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apparently expecting to use (or lose) 
a considerable quantity during the long 
months ahead. And the Dolphin did ex- 
pend a large quantity of the twine. 
‘Several hundred soundings were made 
and recorded, ranging from a few fath- 
oms to the maximum mentioned. above. 
And although there were frequent refer- 
ences to the lines parting short of 1000 
fathoms, many soundings were made at 
depths greater than 2000 fathoms.17 


The seafaring man, after having care- 
fully prepared several thousand fathoms 
of twine in accordance with Captain 
Maury’s specifications, was not entirely 
willing to waste it. Probably with this 
in mind, another U.S. Navy officer im- 
proved on Captain Maury’s method. 
Midshipman J. M. Brooke, in 1854, in- 
vented a means by which the cannon 
shot could be released when it hit the 
bottom. By releasing the cannon shot, 
crewmen could reel in the marked twine 
and use it again.1® 19 


Parenthetically, about this same time 
a naval officer of another country gave 
us a good insight into the general ig- 
norance of the sea and of oceanography 
suffered—or perhaps enjoyed—by some 
seafaring men of the era under in- 
vestigation. This officer wrote a book 
lambasting the methods being employed 
in laying the first trans-Atlantic sub- 
marine cable in 1857. Throughout his 
book he scoffed at the idea of sounding 
the Atlantic along the prospective cable 
route, for, he said, the cable would not 
weigh enough to sink deeper than 200 
fathoms, at which depth the density of 
water would equal that of the cable and 
the cable would remain fixed in depth, 
neither sinking nor rising. “Having dis- 
placed its specific gravity by descent,” 
he avowed, “[it] would be equilibriated, 
or afloat.” He laid claim to proof that 
a cannon would not sink to the bottom 
in deep water, and seriously—and 
earnestly—questioned all soundings be- 
low 1% miles.2° We know today that 
pressure in the ocean is a function of 
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depth, but that water, being almost in- 
compressible, has almost the same den- 
sity at the surface that it has on the 
ocean floor. Knowing this, we may well 
wonder what our friend’s considered 
opinion was on the subject of rocks and 
rubble. Did those, too, float at various 
depths depending on their densities ? 


In spite of the misapprehensions of 
some of the people of that era, the sub- 
ject of sounding, of evergrowing impor- 
tance, attracted many fine minds to its 
problems. For the next improvement 
of real consequence, we look to Great 
Britain and to the world-famous Scot- 
tish physicist, Lord Kelvin, then Sir 
William Thomson. Again, the improve- 
ment in basic method seems slight, the 
total system seems crude, and we won- 
der why it was not done earlier. But, 
as in the case of Captain Maury’s im- 
provements of a decade earlier, results 
were obtained with the new equipment 
which were not previously possible. Sir 
William used steel wire instead of twine, 
and designed a kind of machine to 
handle the wire. 


The apparatus was officially named 
the Sir William Thomson’s Deep Sea 
Sounding Machine. In its earliest form 
the Thomson machine consisted of a 
wooden rack mounting a wheel and a 
drum. On the drum were wound thou- 
sands of feet of slender but strong steel 
wire. No automatic means of hauling 
in the wire were available. An “endless 
rope’ was manned by six men, three 
pulling the upper member toward the 
pulley wheel, and three the lower mem- 
ber toward the drum in back-breaking 
labor. No exact method was known for 
measuring the length of wire reaching 
to the ocean floor. In the words of the 
official instructions for operating the 
sounding gear, “The wire comes in dif- 
ferent lengths, and as it is spliced it 
should be carefully measured, and the 
number of fathoms between the splices 
and the number of revolutions indicated 
by the counter between the splices, as 
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also the corresponding gain in fathoms 
should be noted in a book for future 
reference. . .. With this table, knowing 
the length of the stray line and the 
height of the reel above the surface of 
the water, it is easy to calculate the 
depth.” 24 I question the word “easy.” 
It appears to me that one would need 
to call in Sir William himself to cal- 
culate depth after the lead reached bot- 
tom! Further, limitations in the equip- 
ment were severe. Sounding operations 
using it were time-consuming; the 
cumbersome vessel had to be kept vir- 
tually stationary over the wire and 
sinker ; and for all of this, the measure- 
ment of depth was of questionable ac- 
curacy, for the wire did not necessarily 
go straight down, but described a curve 
of unknown coordinates depending on 
ship motion, currents, and depth. But, 
compensating for these disadvantages, 
there was one very great advantage 
that the Thomson machine held over 
Captain Maury’s scheme: with a crude 
sampling cup attached to its sinker, the 
Thomson machine could bring up a 
sample of the bottom. 


Judging the equipment in its entirety 
by the good that was accomplished with 
it, one can plainly see that Lord Kelvin 
did indeed contribute a great deal to the 
art of sounding and the science of 
hydrography. Among the ships of the 
day putting out to sea on hydrographic 
cruises and fitted with the Thomson 
equipment were the HMS Challenger 
and the USS Tuscarora. The Chal- 
lenger’s cruise, commencing in 1873 
and ending 1876, resulted in the record- 
ing of invaluable data about the Ant- 
arctic Ocean, Australia, New Zealand, 
the Philippines, China waters, and else- 
where in the Pacific and Atlantic 
oceans. Thousands of soundings were 
made, and great contributions made to 
geography and oceanography. The 
Tuscarora’s cruise was not so spec- 
tacular, but much valuable information 
was collected.?% 
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At a later date, improvements in the 
Thomson rig incorporated a steam en- 
gine, which was employed in the reel- 
ing-in operations. Other improvements 
included a better reel and accumulator. 
These were incorporated in the first 
Sigsbee Improved Sir William Thom- 
son’s Deep Sea Sounding Machine. This 
machine could not lay claim to deeper 
soundings, but only to more dependable 
and easier operation. 


Among the first vessels to employ the 
Sigsbee improvements was the steamer 
USS Enterprise. In spite of many 
handicaps, the Enterprise, on her cruise 
around the world between 1883 and 
1886, took many hundreds of careful 
soundings, the deepest being rather 
deep: 4529 fathoms, a little more than 
five miles. From this depth a sample 
of the bottom was brought to the sur- 
face. These soundings were not made 
without preparation. In order to pre- 
pare for a sounding, the sails had to be 
furled and the smokepipe raised, and the 
ship’s boilers had to be fired for two 
hours. Those things had to be done 
before the vessel could keep her position 
over the sounding wire. Each cast thus 
required hours to complete, cost half a 
ton of coal plus the wood required to 
start the fires in the boilers. And, of 
course, there were the usual accidents ; 
breakage of the drum, loss of a speci- 
men cup, parting of the wire at a splice 
or breaking altogether, and breakage of 
a drive belt were all mentioned in the 
official report. The headaches and heart- 
breaks did not go unrewarded, however. 
The Enterprise found two submarine 
peaks in the South Atlantic Ocean and 
an extensive sand bank several hun- 
dred miles from the coast of South 
America, and in addition made other 
discoveries.”* 


What kind of sounding equipment 
was used during World War I? You 
guessed it: Thomson’s equipment, but 
further improved. A better system was 
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known, but little used. We will get to 
that later. By the time of World War I, 
the mechanical parts of the Thomson 
machine were more rugged and de- 
pendable. In addition, there was a dial 
to measure the amount of wire payed 
out, and a number of ingenious devices 
to bring up bottom samples. The most 
significant improvement of all, however, 
was a more exact method for determin- 
ing the depth of water, a method de- 
pending on a physical property of the 
water itself. A glass tube, open at one 
end and closed at the other, and con- 
tained in a metal cylinder, was lowered 
open-end downward with the sinker. 
As the depth increased, the water pres- 
sure increased, air trapped in the glass 
tube was compressed, and seawater rose 
in the glass tube. The inside of the glass 
tube, treated with a chemical, changed 
color when wet, and, when hauled to the 
surface, left a positive record of the 
actual depth to which the tube had 
been lowered, a record which was inde- 
pendent of the amount of wire payed 
out.2> This principle, too, was an inno- 
vation of Lord Kelvin.?® 


The Sigsbee sounding apparatus 
was based on the same principles as 
the Thomson equipment. By 1919, the 
only resemblance to Thomson’s machine 
lay in the broad principles of paying 
out a weighted wire and determining 
depth by the high water mark on a thin 
glass tube. During the early 1920’s an 
electric motor replaced the steam en- 
gine for reeling-in operations, with 
added dependability. The Sigsbee 
equipment in general was sturdier and 
more compact. Moreover, sinkers, speci- 
-men cups, and thermometers all showed 
improvements over earlier versions." 


Today, a characteristic machine for 
sounding with a weighted wire is the 
Tanner Blish machine. The many little 
refinements incorporated in this and in 
other modern machines have been 
brought about more by the general im- 
provement in manufacturing techniques 


and proficiency in mechanical engineer- 
ing than by any sweeping changes in 
basic principle.28 Functionally, wire 
sounding equipment has changed in that 
its prime purpose today is not to deter- 
mine depth, but to determine tempera- 
tures at great depths and to obtain sam- 
ples of the ocean bottom. It follows that 
the machines should be designed more 
with those functions in mind than 
merely sounding. And that is true; 
today, with the weight of the para- 
phernalia used in bottom sampling and 
temperature measuring greatly  in- 
creased, a slender steel wire is no longer 
used. Instead of the wire, a specially 
made hydrographic cable is used, which 
may have a diameter of %2 inch. Sev- 
eral thousand fathoms of cable of such 
size naturally require a larger drum and 
a stronger winch.?® 


If the weighted-wire method of sound- 
ing is no longer used, what has taken 
its place? What was the earth-shaking 
event which caused a radical departure 
in basic methods handed down from our 
forefathers of the Stone Age? These 
questions can be answered easily. But 
first let us determine why a radical de- 
parture was desirable. First of all was 
an economic reason. Even the best me- 
chanical method was slow and costly. 
It was costly because it was slow. The 
sounding vessel had to stop completely 
or at least slow its speed for every 
sounding, and if the water were over 
100 fathoms deep, the cast took hours 
to complete and cost a_ prohibitive 
amount of money. As a result, deep 
water areas were not sounded ade- 
quately, and many important submarine 
configurations were delineated poorly 
or not at all. Navigational charts, 
therefore, were rather inadequate inso- 
far as depth of ocean was concerned.*° 
Actually, although the number of sound- 
ings in depths less than a few hundred 
fathoms accumulated rapidly during the 
nineteenth century, by 1895 there ex- 
isted only about 7000 soundings from 
depths greater than 1000 fathoms, and 
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of these only about 550 were from 
depths greater than 3000 fathoms.*? A 
second reason why the equipment 
needed complete and utter revision was 
that no conceivable weighted-wire 
method could disclose depth to a high 
degree of accuracy. The best modern 
equipment of that sort in use today is 
subject to inaccuracies and failures.®? 

The earth-shaking event which finally 
guided man’s thinking into proper chan- 
nels and led him to a good method of 
sounding was the Titanic disaster in 
1912. You may recall reading that the 
SS Titanic, then the finest passenger 
ship afloat, struck an iceberg on her 
maiden voyage across the Atlantic 
Ocean, and sank with terrible ‘loss of 
life. Yet the Titanic was built and be- 
lieved to be unsinkable, to be iceberg- 
proof. Apparently, then, it was not 
possible to build an unsinkable ship. 
So what could be done to reduce the 
iceberg hazard? 


Professor Reginald Fessenden, an 
American, had an answer. He built a 
device to make sound under the water, 
a kind of loudspeaker mounted in the 
hull of the ship. And he mounted a 
microphone, or hydrophone, in the hull 
to hear noise coming from the water. 
He proposed to make a noise of short 
duration, a pulse of sound, in the water, 
then listen for an echo from an iceberg. 
Certainly his method was justifiable, 
for shipmasters had long been sounding 
a horn and listening for the echo 
through the air. And it was especially 
justifiable in that he discovered that he 
could determine the depth of water 
under the vessel by measuring the time 
interval required for the sound to reach 
bottom and bounce back.** 


Professor Fessenden’s early equip- 
ment had the serious drawback that 
the oscillator was keyed by hand and 
the time interval measured with a stop- 
watch calibrated in fathoms. Obviously 
such a system, accurate enough for 
deep soundings, was not dependable 
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enough for use where the water was 
shallow and the time interval only a 
fraction of a second or so. Sound, 
traveling about 4800 feet per second, 
could find bottom at 2400 feet, or 400 
fathoms, and bounce back 2400 feet to 
the ship, all in one second. Accordingly, 
some automatic keying device was re- 
quired, and a faster method of measur- 
ing the time interval. Doctor Harvey C. 
Hayes, of U.S. Naval Research Labora- 
tory, provided just that. By a clever use 
of a cam and disc on an electric motor, 
Dr. Hayes keyed Prof. Fessenden’s 
oscillator automatically and at the same 
time read the depth directly from a 
scale. By listening to the returning echo 
with one ear and the following outgo- 
ing pulse with the other, he was able to 
send out one short pulse of sound at the 
same instant the echo from the previous 
pulse returned. A dial, synchronized 
with the keyer adjustment, indicated the 
amount of displacement of the cam, and 
therefore the depth in fathoms. This 
equipment established itself during ex- 
periments on the USS Stewart, in 1922. 
Participating in the experiments was 
young Philip T. Russel, of the Bureau 
of Engineering, U.S. Navy. Mr. Russel, 
later dissatisfied with the equipment be- 
cause of the shallow limit of 400 fath- 
oms obtainable, devised and patented an 
improvement which enabled the operator 
to obtain soundings in 80 fathoms of 
water.24 Other engineers worked on 
the same problem. Some results were 
good, some were not. In general the 
sonic depthfinder was not yet adequate. 


Shipmasters were still not satisfied 
with the equipment provided for regu- 
lar and repeated use close to shore 
where the water not not very deep. The 
shallow limit of 80 fathoms was still too 
deep, they said, and besides, the “short” 
pulse of outgoing sound from the Fes- 
senden oscillator was so long that re- 
verberations in the water masked the 
returning echo in shallow water and 
cast doubts on the accuracy of the 
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soundings. A faster-working apparatus, 
making an extremely short pulse of 
sound in the water, was needed. 


The “impact oscillator’ was the an- 
swer to the new problem. A typical 
equipment of this type was the British 
Shallow Water Mark II. American 
equipments were developed along the 
same general principles. In the British 
Mark II equipment, the sound through 
the water was produced by a blow 
struck by a spring-driven hammer on 
‘a diaphragm in the ship’s hull. A 
hydrophone detected the echo from the 
bottom. A keying device, synchronized 
with a scale calibrated in fathoms, trig- 
gered each hammer blow by an elec- 
trical impulse. The keyer also pre- 
vented the operator from hearing the 
returning echo unless the keyer was 
properly adjusted. To make a sounding, 
therefore, the operator had only to ad- 
just the keyer with a crank until he 
could hear the return signal, and read 
the depth from the scale.*> 


The impact oscillator had two draw- 
backs, one of them in common with the 
Fessenden oscillator. The very nature 
of the source of sound from the impact 
oscillator limited the use of that prin- 
ciple to shallow water for the sound was 
not carried great distances. Further, 
both the impact oscillator and the Fes- 
senden oscillator could be heard in all 
directions through the water, and dis- 
turbed the peace on board the ship as 
well. The true requirement seemed im- 
possible to provide. What was needed 
was a powerful sound source which did 
not make any noise! Impossible as the 
requirements may have seemed, they 
were met by modern science and en- 
gineering. A device was developed 
which was able to put enough acoustic 
energy into the water to sound a depth 
of several miles—yet not be heard by a 
technician or other observer ten feet 
away. This was possible because the 
frequency of the sound used was beyond 
the upper limit of audibility of the hu- 


man ear. It was still sound, in the tech- 
nical sensé; it could travel through the 
water, bounce off the bottom, travel 
back to the ship and be detected. But it 
could not be “heard” without instru- 
ments to convert it to audible sound. 
Because it could not be heard without 
unique equipment, it was not “noisy,” 
in the usual sense, neither would it (at 
that time) disclose the vessel’s position 
to an enemy submarine. 


An important advantage accruing to 
the use of ultrasonics, as such high- 
frequency sound as that is now termed, 
was the fact that the sound could be 
directed downward in a beam, rather 
than be spread uniformly in all direc- 
tion in the manner of the Fessenden 
oscillator and the impact oscillator. Be- 
cause a greater percentage of the avail- 
able acoustic energy was directed in a 
useful direction, the total amount of 
energy required for sounding was re- 
duced. 


Developed in secret by the U.S. Navy. 
during the early 1930’s, this new kind 
of sounding apparatus was called the 
Navy Models NG and NM Fathometer 
Equipment. Basically, it consisted of a 
transmitter mounted in the hull and 
containing vibrating Rochelle salt cry- 
stals, a driver to provide the necessary 
high-frequency alternating current, and 
a receiver-indicator to key the driver, 
to convert the returning echo to an 
audible signal, and to measure the time 
interval between the outgoing and echo 
pulses. Depth in fathoms was read di- 
rectly from a circular scale at the point 
where the returning signal flashed a 
red light. That was the method used for 
shallow water and for water at ordinary 
ocean depths. For extremely great 
depths, the automatic keyer could ‘be 
disengaged and the driver keyed manu 
ally.3¢ 


It was with equipment of this kind 
that the USS Ramapo obtained a sound- 
ing in the Japan Trough (a particu- 
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larly deep part of the Pacific Ocean) 
of 5770 fathoms, or about six and one- 
half. miles.3* 


A typical ultrasonic echo, sounding 
equipment of today has much in com- 
mon with the Ramapo’s equipment of 
the 1930’s: hull-mounted transducer, or 
transmitter; driver, the source of en- 
ergy; and receiver-indicator, usually 
mounted on the bridge or in the chart 
house of the vessel. Today there are 
some additions: a recorder to make a 
permanent record of the depth along 
the track, or route of the vessel, and 
perhaps an alarm to warn the navigator 
or conning officer of shallow water. 


Taken as a whole, it is a masterpiece of 


human ingenuity and precision work- 
manship. It can be operated by any in- 
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telligent person after only a few min- 
utes of instruction, and its almost uni- 
versal employment on large seagoing 
vessels of all descriptions is a testi- 
monial on its ruggedness and depend- 
ability. It may be used equally well in 
shallow water or in the deepest, and 
makes few demands on its operating 
personnel beyond that a switch be 
thrown and a dial or paper record ob- 
served. With equipment of that sort, it 
is no more difficult to sound the ocean’s 
depths than a harbor’s shallows; and 
with naval and commercial vessels mak- 
ing systematic records of depth wher- 
ever they go and forwarding them to 
hydrographic offices, soundings of the 
deep sea are accumulating faster than 
they can be plotted. 
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is a naval architect on the Staff of the David Taylor Model Basin, Carderock, 


For many decades the interaction be- 
tween the ship and the screw propeller 
has been successfully studied by experi- 
mental methods. By introducing the con- 
cepts of wake and thrust deduction the 
first step of any scientific approach has 
been performed, i.e., fundamental con- 
cepts have been created upon which a 
further theoretical development can be 
based. In our case, however, this scien- 
tific development which essentially 
means an explanation of observed effects 
by hydrodynamic laws has been rather 
slow. This applies especially to the prob- 
lem of thrust deduction which for a long 
time was considered with a mystical 
awe. Theoretical investigations by 


Fresenius [18] and Horn [5] and beau- 
tiful experiments by Eggert and Janes 
[30] contributed much to a clarification 
of our problem but a sound hydo- 
dynamic theory of the phenomena in- 
volved was not worked out until 1938 by 
Dickmann. 


INTRODUCTION 
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Dickmann’s first memoir [2] which 
deserves the predicate of a classical in- 
vestigation has been reviewed and sup- 
plemented by experimental results by 
Schoenherr and Aquino [7]. Otherwise 
Dickmann’s work on the subject, which 
in 1939 was extended by another pub- 
lication of more practical character [1], 
has not found the merited acknowledg- 
ment in this country. Later other au- 


‘thors abroad presented further contri- 


butions to the subject. 


Because of the basic importance of 
the problem it was thought appropriate 
to give in this paper a simple descrip- 
tion of the theoretical methods used in 
research of thrust deduction and to 
sketch briefly the state of knowledge so 
far reached. 


Although a lot of experimental data 
are available a proper understanding of 
the subject cannot be reached without 
elements of theory. In what follows it 
is assumed that the reader is familiar 
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with the basic presentation of the sub- 
ject as given for instance by references 


[35] and [36]. 


The state of our scientific knowledge 
may be summarized as follows: Dick- 
mann has succeeded in elucidating the 
main features of the problem. Later con- 
tributions by other authors have not 
added essential ideas; however, experi- 
mental investigations indicate that reli- 
able quantitative agreement between 
theory and measurements has not yet 
been reached even in some basic cases 
and that some important effects cannot 
yet be explained in the light of the pres- 
ent theory. Thus, continued endeavors 
will be necessary to close the gap men- 
tioned. Further, so far no theoretical 
investigation exists dealing with the 
ship, propeller and rudder combined. 


The main idea of modern investiga- 
tions on the subject consists in describ- 
ing the flow around the hull and the 
propeller by an appropriate choice of 
singularities (images) (Part I). Once 
these generating images (sources and 
sinks, doublets) are known, it is a mat- 
ter of technique (although sometimes 
tedious technique) to compute the forces 


resulting from the mutual interaction 
between the hull and the propeller. This 
is done for uniform motions which 
alone will be considered here by Lagal- 
ly’s theorem. In Part II we give a short 
explanation of this theorem which 
proves to be a powerful tool in hydro- 
dynamic research. 


The whole field of Theoretical Naval 
Architecture dealing with the motions 
of ships and other floating bodies is 
now widely based on the study of some 
hydrodynamic elements or systems of 
singularities and the combinations of 
such elements. Solutions obtained for 
the wave resistance of ships can be im- 
mediately applied to the present subject ; 
the knowledge of velocity potentials in- 
volved admits further solutions for ver- 
tical forces and other items which are 
important in the theory of directional 
stability and seaworthiness. 


Part III contains a brief survey of 
wake phenomena, Part IV the analysis 
of the interdependence between wake 
and thrust deduction following Dick- 
mann, and Part V presents a discussion 
of various practical problems connected 
with our subject. 


I. REPRESENTATION OF THE HULL AND THE PROPELLER 
BY HYDRODYNAMIC SINGULARITIES 


The Hull. Powerful mathematical 
methods have been developed to treat 
two dimensional plane motions of fluids. 
Unfortunately the interesting and other- 
wise important solutions so obtained are 
not too helpful in Theoretical Naval 
Architecture since the fluid motion is 
here essentially three dimensional. There 
exist of course well known results for 
simple three dimensional bodies, but the 
shape of the ship hull is so complicated 
that these results furnish only some 
general ideas and analogies when deal- 
ing with our problem. 


As mentioned in the introduction the 
present state of knowledge forces us to 


translate, so to speak, the actual hull 
form into an artificial hydrodynamic 
language, or otherwise expressed, to 
represent the bodies by suitable singu- 
larities for which the flow in a non- 
viscous flow can be calculated. The prob- 
lem is severely complicated by the fact 
that the ship moves at the free surface. 
Thus, at present we can obtain only 
some rough approximations which, how- 
ever, prove to be very efficient when 
solving practical problems. 


The appropriate singularities needed 
in theoretical naval architecture are 
mainly sources and sinks or doublets,* 


* Obviously this remark does not apply to propeller theory. 
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while in applied aerodynamics emphasis 
is laid rather on vortices. This shift in 
the importance of basic elements and 
still more the presence of the free sur- 
face in our problems are responsible for 
the fact that the knowledge of classical 
aerodynamics is necessary but by far 
not sufficient when dealing with hydro- 
dynamics of ships. 


Because of the complex character of 
our problem it is advisable to start with 
the simplest case of wholly submerged 
bodies of revolution. 


The generation of bodies of revolution 
by line sources and sinks distributed 
over an axis in a uniform flow is well 
known. Descriptions of the method in- 
volved can be found in any text book 
on hydrodynamics. The simplest exam- 
ples are: (1) Rankine’s ovoid, gener- 
ated by a point source and sink; and 
(2) the most important ovary spheroid 
corresponding to a _ source-sink line 


o (x) = 00-7 = ook (1) 


See Fig. 1 and 2. The origin is located 
in the middle of the body. 


To avoid confusion we shall distin- 
guish between the output of a point 
source Q and its strength &. The con- 
cept strength has been introduced as 
abbreviation from considerations of po- 
tential theory 


Q=473 


fr 
q, o, with q = 47a, are the correspond- 
ing values for line and 


with the potential g = 


q*, o* with q* = 47 o* 
for surface sources. Physically the out- 
put Q is the more important item, since 
it equals the flux per second generated 
by the source; its dimension is Vol/sec. 
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Fic. 1—Image Systems for a Rankine’s 


oid 


Fic. 2—Image Systems for a Prolate 
Spheroid 


For a line distribution, q means the flux 


‘per second per unit lengia (dimension 


Vol/length x set.), for a surface dis- 
tribution, q* has the dimension of a 
velocity. 


Alternatively, doublet distributions 
are used. We define these distributions 
by the moment of output m(x) or the 


moment of strength » (x) 
where m (x) = 47 p (x) 


The well known relation 


x 


ax (3) 
l 


connects the equations of the source line 
and doublet line distribution. Thus the 
moment of the doublet m(x) at any 
point gives the total flux up to this 
point. For Rankine’s ovoid, Fig. 1. the 
distribution is a horizontal line 


m (x) =4a (x) = const 


and for the prolate spheroid, Figure 2, 
a simple parabola 


(4) 
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In our case, the representation by 
doublets does not furnish any new re- 
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area curve of the body A(x). The maxi- 
mum section of the body A, is con- 


sult, but it has some practical advantages nected with the maximum ordinate of ( 
when dealing with very elongated bodies the doublet curve m, by the approximate 
l relation 4 
since for large —F = My = 47 po = Ag Vo (5) K 
where v, = velocity of stream or speed s 
m(x) ~ A(x) of advance. sj 
the distribution m(x) is approximately The total moment of the doublet dis- 
affine (similar in trend) to the sectional _ tribution F 
+1 +1 
M= fimo fa Ve (6) 
SC 
= in 
is proportional to the volume; it can be The propeller. It is well known that 
shown that M = V v, (1+ K,) where from a hydrodynamical viewpoint the a 
K, is the added mass factor of the body screw propeller may be replaced by a in 
in the direction of the x-axis. system of vortices. For our present pur- mn 
To represent a moving ship we should pose, which is to study the interaction ve 
distribute sources and sinks over a sur- pees ship and screw, a much stagher sh 
face or a volume; but the simplest meth- °C anical model Pig be substituted ; me 
od is to use the center plane (x z leaving the slipstream outside the scope the 
plane). This procedure is very popular Ps our aptay eager we replace the the 
when dealing with resistance problems. "OW due to the propeller by a aoe, Te- we 
The shape of the resulting bodies is, cated at the propeller center, whose = 
however, not known except for a general final lipstream 
ellipsoid which can be created by a ‘© — 
suitable distribution of doublets over Q=A ws (8) fro 
the focal conic [4]. s’ is the theoretical slip ratio bd the 
Altho we do not know exactly what Th ; ee am 
actual hull form corresponds to a given di str 
intensity of doublets we can get an ap- def 
proximate idea from a relation similar ( ) the 
to (5), stating affinity between the and finally, a more general solution is 4, 
form of the ship sections and the distri- &'V©" by f 
bution of doublets over these sections. const = q (y, z) 
As soon as the singularities are known Q= [qda (10) 
the theorem of Lagally [9, 10], men- I 
tioned later, enables us to calculate Experiments prove a _ remarkabie 
hydrodynamical forces experienced by agreement with some results deduced eral 
the ship moving uniformly under given from our simple assumptions, as has Fe 
conditions in a frictionless fluid. been pointed out by Dickmann. velc 
II. LAGALLY’S THEOREM A 
The theory of aerodynamical lift, and L,=pvr (11) simy 
therefore, large parts of aerodynamics, Here the principal concept is the vortex pote 
are based on the Kutta-Joukovsky witha given circulation. two 
theorem and 
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(11) 


yortex 


In Theoretical Naval Architecture, 
the prevailing singularity is the source 
(sink) characterized by the output Q. 


For steady motion a formula exists 
due to Lagally which is analogous to 
Kutta-Joukovsky’s; it links the force F 
experienced by a source (sink) with the 
speed of flow at the location of the sin- 
gularity v and the output Q, [9, 10, 11, 
12] 


F =—pvQ (12) 

In [11] this formula is deduced for a 
source in a uniform stream v, by apply- 
ing the momentum theorem, Figure 3. 


As controlling surfaces assume two 
vertical planes and a very long cylinder, 
in the limit, the whole output of the 
source flows thru the curved sheet. In- 
vestigating the flow at the cylinder 
sheet we find the rate of change of 
momentum given by pQv,, Figure 3; 
the direction of the force is opposite to 
the direction of speed v,, hence, we may 
write 

Fig = — pv.Q (13) 

A source is attracted by a uniform 
stream. The result may be easily grasped 
from a physical reasoning; representing 
the source by a pipe discharging an 
amount of water Q into a uniform 
stream, we see at once that a jet is 
deflected rearwards; hence, a force in 
the opposite direction must arise. Figure 


A sink is repelled by a uniform stream. 
 ~Fe=+pvQ (14) 
F_g is a resistance. 


These interesting results can be gen- 
eralized for any steady flow. The forces 
Fy depend only on the value of the 
velocity field v at the locus of the sin- 
gularities involved. 


A proof of Lagally’s theorem in a 
simple case follows immediately from 
potential theory. For two sources or 
two sinks the resulting forces are equal 
and: opposite. 
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Fic. 3—Momentum Theorem Applied to a 
Source in a Uniform Stream 


and mean attraction [13]. 


Fo=—p 


Q,Q, 
Formula (15) written as— p dar? 
expresses Newton’s or Coulomb’s law; 
sources and sinks interact in a manner 
like electrostatic charges, with the im- 
portant difference that singularities of 
equal sign attract, of different sign repel 
each other. On the other hand, Formula 


Q : 
(15) written as — pQ, be in- 


terpreted as Lagally’s formula with 

4a 
we may use Newton’s formula as well as 
Lagally’s, but the latter has the advan- 
tage of much higher generality. 


Thus in some simple cases 


These simple rules are a safe guide 
when dealing with the behavior of 
bodies in a divergent or convergent 
stream. However, it must be kept in 
mind that the shape of the bodies rep- 
resented by source-sink combinations 
depends also on the outside flow., 


Similar reasoning applies to vortices 
(12, 13]. 


We note a further theorem due to 
Lagally dealing with forces experienced 


Fic. 4—The Model-of a Source in a 
Uniform Stream - 
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Fic. 5—Forces Experienced by a Cylinder in a Diverging and a Converging Stream 


by a doublet [12] Figure 5. 


F=—pM a with M moment of 


the doublet (16). 

By applying Lagally’s theorem to a 
combination body of revolution + sink 
(propeller) in an unlimited uniform flow 
we obtain a simple expression for the 


thrust deduction force. 


+1 
oats q (x) dx 
r? 
—l 
r=a+l1+x 
where Q = Av,s’ 


Fic. 6—Calculation of Thrust Deduction for a Body of Revolution 


III. 


When we consider the different 
“kinds” of ship resistance in calm water ; 
1. Frictional (tangential) resistance 
2. Viscous pressure drag. 3. Wave re- 
sistance. 4. Spray resistance, it may be 
advantageous to include the - suction 
force caused by a stern screw as a fifth 
component [16]. Generally a sharp divi- 
sion is made between the resistance of 
the hull without screw and the hydro- 
dynamic forces caused by the working 
propeller ; this division is legitimate, but 
involves an obvious danger which may 


WAKE 


arise (and really has arisen) when de- 
veloping ship forms. 


The nature of the interaction be- 
tween hull and propeller, and concepts 
and definitions introduced are explained 
in Schoenherr’s and Aquino’s report [7] 
to which reference is made. The actual 
technical problem presents considerable 
difficulties. 


The propeller works in a region of 
flow disturbed by the hull. Its action 
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WY 


causes a decrease of pressure on the 
stern and some increase in frictional re- 
sistance of the ship. 


The wake speed (w v) is the speed 
of particles to which the hull has im- 
parted a motion. Taylor’s Wake Frac- 
tion w varies generally over a section 
representing the idealized propeller 
disc w= w (y, z), but for evaluation 
of experiments some average values are 
used which can be arrived at in differ- 
ent ways. 

The difference A R = T-R (18) 


Thrust on propeller shaft—tow rope 
resistance, is known as suction force, 
thrust deduction force or resistance in- 


crease ; 


R 
= t is the thrust deduc- 
tion (coefficient). 

The wake velocity consists of 3 “com- 
ponents” characterized by the wake 
fractions : 


a. potential (streamline) ........ w 
frictional: (viscous): Wr 


The first notation is unlucky, as the 
wave wake can be derived from a po- 
tential; probably displacement wake is 
a better terminology. 


W = Wy + Wy + We (19) 
The concept “potential wake” or “dis- 
placement wake” is familiar from the 
study of motion of a body in an un- 
limited ideal fluid (without free sur- 


face): At the screw disc (near the 
stern) there is a high static pressure or 


Fic. 7—Wake 
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low velocity relative to the hull, hence, 
a positive wake speed w,v. 

Studying waves produced by a ship, 
we conclude (the best way is to treat it 
as a steady motion) that under a crest 
we get a positive wake, under a trough 
a negative; the speed wv, may be easily 


calculated from the orbital motion ine 


w 
a = wave amplitude, T,, = wave period. 
The frictional wake corresponds to the 
resistance 


= v, dA 


where vy = (20) 
the wake speed v; means a loss of pres- 
sure head of about 


pv: (v—v,;/2) [1]. (21a) 

The different components of wake in- 
fluence each other so that each com- 
ponent is quite different from that value 
which it would attain when the other 
components disappear. This is par- 
ticularly true for the influence of the 
viscous wake on the potential and wave 
wake [1]. 

Helmbold has proposed a procedure as 
to how to separate the values w, and wy 
[14]; the problem is quite important as 
the influence of w, on the propulsive 
efficiency is opposed to that of wy. The 
frictional wake influences deeply the 
displacement (potential) wake [1]; 
Helmbold’s earlier proposal to measure 
the latter by reversing the towing direc- 
tion does not lead, therefore, to a solu- 
tion. 


x 
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The frictional flow may be dealt with 
by introducing a change in the distribu- 
tion of doublets determining the form 
of the stern [1]. The influence of vis- 
cosity on wave motion is equally im- 
portant; it is known that the genera- 
tion of waves at the stern is appreciably 
reduced. 


The influence of wave wake on po- 


tential wake may be described by a 
change in generating singularities neces- 
sary to keep the shipform constant when 
our ship is floating on the surface in- 
stead of being deeply submerged. This 
influence is generally neglected because 
of lack of knowledge, although the neg- 
lect may cause appreciable errors at 
high Froude numbers. 


—= 
L 


Fic. &—Wave Wake 


IV. THRUST DEDUCTION AND WAKE 


The thrust deduction force A R can 
be calculated from differences in the 
potential, wave and viscous flow between 
the two conditions—hull with working 
screw and without screw. We distin- 
guish potential=t,, wave=t,, and 
viscous = t, thrust deduction. The two 
latter components generally are very 
small. A negligible wave thrust deduc- 
tion means that the generation of ship 
waves is only slightly influenced by a 
working propeller. Experiments made 
by Janes (TMB Report 453) support 
clearly this theoretical reasoning which 
at first does not seem to be obvious. at 
all; it may fail in some limiting cases 
such as high loaded propellers. 


The statement t; 0 means that the 
increase in viscous resistance all over 
the ship (stern parts forward of the 
screw, rudder in the race) is negligible 
or extremely small; it does not hold for 
old fashioned bad rudder and stern 
forms. Thus the main part of the thrust 
deduction appears to be due to the po- 
tential flow t,. One should expect a good 
agreement between the suction force de- 
rived from A R=T-R and the force 
calculated from the difference of pres- 
sure values Ap=p;—p, over the 
afterbody 


*n is the normal to the surface. 


apeos (n,x) dS 


where p, corresponds to the condition 
hull + working propeller, p, = hull 
without propeller.* Unfortunately, that is 
not the case: experiments made by 
Janes and at the Berlin Tank [17] 
yielded F = 0.5 to 0.75 A R only.. The 
reason for this discrepancy has not yet 
been explained; as mentioned before, 
friction is much too low to account for 
it. Since pressure measurements have 
been hitherto somewhat inaccurate we 
may hope to get better results with a 
better technique of experimenting, espe- 
cially as high peaks of under-pressure 
may be responsible for a considerable 
part of the resulting pressure force. 
Even secondary effects must be ob- 
served. For instance, experiments made 
at the Berlin Tank indicate that a nar- 
row slot between the propeller hub and 
stern tube flange may cause appreciable 
suction forces [17]. 


We have approximated the hydro- 
dynamical effects of the propeller by a 
sink or system of sinks neglecting the 


rotational properties of the -slipstream,- 


since the tangential component of the 
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Corresponding hip form Without Propeller 


Work log Propeller 


LI 


Distribution 


Fic. 9—Influence of a Working Propeller on the Body Form Due to a 


velocity is created in the propeller space 
only. Some doubts may be expressed if 
this neglect can lead to errors; they may 
not be serious in the light of experi- 
ments made by Aquino and Baker. 


It is somewhat laborious but not diffi- 

cult to measure the wake behind a model 
without screw; we get the so-called 
basic wake. It has been proved by Helm- 
bold [15] and Dickmann [1], that the 
effective wake, which is averaged by 
Froude’s method and should be used 
when applying Lagally’s formula, is 
somewhat different as: 
The working propeller (sink) 
changes the shape of hull represented 
by a definite sink distribution—instead 
of the continued line we get the dashed 
line, Figure 9. To restore the original 
body we must add some doublets (or 
shift some sinks); this causes an in- 
crease in the potential wake. 


b. The working propeller has a wave 
velocity field of its own, which reduces 
slightly the wave wake originated by 
the ship. 


c. The suction of the propeller causes 
a narrowing of the frictional wake belt 
and a reduction of its mean value. Thus 
in principle, no exact agreement be- 
tween measurements of the basic and 
effective wake can be expected as they 
really refer to different items. 


Another important matter is the in- 
fiuence of the irregularity of the wake 
on the thrust distribution over the pro- 
peller. At points of high wake values 
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Given Doublet Distribution 


the local density of thrust o* exceeds 


sensibly the mean value = the dis- 


tribution of sink intensity q over the 
disc is then very far from uniformity 
and a high increase in the suction force 
may result [1] following the reasoning 
developed in Part IT. 


We proceed now to establish a most 
important dependence between the po- 
tential wake (uniform distribution) and 
thrust. 


Imagine that a wholly submerged body 
advances with a speed v, through a non- 
viscous medium. The equivalent of the 
resistance force R is given by a tow- 
rope force applied from outside to the 
system. This force is counter-balanced 
by a part of the propeller thrust and 
must appear as the momentum of the 
propeller race. 


We get, therefore, an expression con- 
necting the tow-rope resistance R with 
the momentum of the slip stream. Far 
away from the propeller we have 
R=pAw (vo +u)u (21) 
where Aw is the cross section of the 

race far behind 
u is the theoretical slip 
stream velocity. 


Let the propeller work in a uniform 
wake w,; the water volume per unit 
time passing through the propeller disc 
is 
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A [v,(1—w,) +u/2] (Vo + u) 
(22a) 

hence 

R=pAl[v, (l1—w,)+u/2]u; (22) 


We have anticipated Dickmann’s 
proof that the velocity induced at the 
propeller disc is u/2 also in this com- 


T=pA (v,+u/2) u=p Av,? (1 + s’/2) s’ 


plicated case [2]. 


The propeller thrust T cannot be cal- 
culated from the momentum imparted. 
Since there seems to be some confusion 
regarding this important point we re- 
peat shortly a reasoning due to Dick- 
mann. Using Bernouilli’s equation it 
can be proved, that 


(23) 


the thrust is independent of the potential wake w,,! 


Putting T (1—t,) =R one obtains from (22) and (23) 


p A (v, + u/2)u(1—t,) = p A[v,(1—w,) + u/2]u, 


th = Ww 


The same result may be obtained by 
calculating 
tpT = AR from Lagally’s theorem 
R= pQyw, 
with Q = Av,s’; hence, AR = 
p Av,s’ Vo Wp = pAv, (25) 


leading to (24). Introducing the load 
coefficient 


Y1l4+7 (26) 


1+Y14+7 


Rv, 


we get further t, = w, 


P2vo+u 


2 


p 2+’ 


(24) 


The potential thrust deduction t, is 
proportional to the potential uniform 
wake and decreases with increasing load 
coefficient. 


This is a most important result. 


By introducing a resistance load co- 
efficient 


2R 
(1—t,)+ 


Dickmann gets for the propulsive co- 
efficient 


2 


to = “Ry, + pA Lv, (1—w,) + 0/2] u?/2 


1+ Wp V (1—wy,)? +t, 


This is again an important result: it 
proves that the positive potential wake 
is detrimental to efficiency, especially 
when 7+, is large while a negative w, is 
advantageous. Thus, the high efficiency 
of Kort nozzles at high load coefficients 
r, can be explained: they create a strong 
negative w, at the propeller disc. 


= 


(27) 


Important calculations were made by 
Dickmann concerning the wave-making 
resistance of a propeller. [1, 2, 3] Rep- 
resenting the screw by a sink and using 
the expression for the velocity potential 
of the latter, he has shown that the re- 
sistance plotted as a function of a 
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Vo 


Froude’s number where h is the 


depth of immersion of the propeller axis, 


gh 
This corresponds to a “common” Froude 


reaches a maximum at 


number 


Vv ve 
VeL gh 

which is regularly attained or exceeded 
by ships of medium or high speed. Even 
so the wave resistance of the propeller 
is normally small and has a considerable 
importance only by interference effects 
with the ship waves. When the propel- 
ler penetrates the surface the energy 
lost by creating waves may become more 
appreciable. For readers familiar with 
the theory of surface waves the theory 
of this part of Dickmann’s work is espe- 


Vv. 


1. An important problem is the influ- 
ence of scale effect on the thrust deduc- 
tion, especially the relation between the 
scale effect of the model and the ship. It 
has been pointed out that the viscous 
thrust deduction is a small quantity ; but 
it would be erroneous to conclude that 
no scale effect can exist. In principle 
such an influence can be expected as an 
indirect effect: we know that the thrust 
deduction is highly sensitive to the non- 
uniformity of wake (including the fric- 
tional wake), which of course is vari- 
able with Reynold’s number ; besides the 
frictional wake interferes in a different 
way with the potential wake on ship and 
model. We get the following conflicting 
tendencies : 


a. Using dashed symbols for the model 
let us compare a ship with a model. 
Under normal conditions (smooth sur- 
face) the mean value of the frictional 
ship wake w, is smaller than the fric- 
tional model wake w’,; thus the poten- 
tial wake of the ship w, is less reduced 
by viscosity than the corresponding 
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FURTHER REMARKS ON 
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cially recommended. Assuming a. uni- 
ferm wake w the propulsive efficiency 
becomes 


No = Ypr (28) 
t=ttty +t 
since t, and ty are very small 
W = WwW, + Wy + We (effective wake) 
(29) 
ty 
—w 


No = Nor approximately (30) 
the propeller efficiency corresponding to 
a rate of advance 
_ V(l1—w) 

When dealing with a non-uniform 
distribution of wake, we consider the 
propeller as being composed of ele- 
mentary propellers, for which calcula- 
tions can be performed individually. 


THRUST DEDUCTION 


model wake w’, or w, > w’,; hence, 
by formula (24) the potential thrust 
deduction t, > t’,. On the other hand, 
under the same conditions, the non- 
uniformity of the ship wake, especially 
some peaks in the velocity distribution, 
is lower than in the model; this influ- 
ences the relation between t, and t’, in 
the opposite direction as before trying to 
make t, < t’,. 


b. No estimates have been made so 
far as to the order of the two-mentioned 
influences. However, in the light of the 
preceding reasoning one can expect - 
with some confidence that the thrust 
deduction of the ship does not differ 
appreciably from the corresponding 
value of larger models. 


c. Investigations in the model range 
have not led to conclusive results. Ex- 
periments on model families made by 
van Lammeren [20] did not reveal any 
dependence of the thrust deduction on 
Reynolds number while H. Voigt has 
stated a drop of t with increasing model 
size [19]. 
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d. Van Lammeren has roughened one 
of his models and has not found any 
influence on t compared with the smooth 
model at the same thrust [20]. 


Such experiments should be repeated 
with great care. It may be interesting to 
make the frictional wake of a model 
similar to the corresponding one of the 
ship by influencing the boundary layer 
of the model. 


2. We mentioned a considerable gap 
between the measured “resistance aug- 
mentation” A R = T—R and the suc- 
tion force computed from pressure meas- 


urements F = A pcos (n, x) dS and 
found as the only explanation available 
today the inaccuracy of pressure meas- 
urements and the insufficient number of 
spots investigated which may lead to 
appreciable errors as Ap is the differ- 
ence of readings; for instance the lack 
of orifices at the bossings in Janes’ 
experiments is a grave objection to the 
validity of the final values. However, 
it is more difficult to explain why even 
with bodies of revolution the agreement 
between the two methods is not satis- 
factory, since here the pressure distri- 
bution is much more uniform. As a 
remedy one can suggest: increase in 
number of orifices, increase in accuracy 
of measurements, elimination of errors 
like the underpressure in slots, etc. 


The uncertainty of the present state 
of knowledge leads to such artificial 
and improbable explanations as adopted 
by Weitbrecht [17]: he tries to bridge 
the gap between the two experimental 
results by arbitrarily assuming high 
additional frictional forces. Following 
Weitbrecht these are due to the suck- 
ing off of the boundary layer and the 
resulting increase in tangential stresses ; 
but a rough estimate indicates that 
these effects can be secondary only. If, 
however, one does not succeed in explain- 
ing the difference stated even by wholly 
reliable pressure tests, the problem of 
tangential forces should be reconsidered, 


e.g., by testing a propeller behind a flat 
plate, etc. 


The use of bodies of revolution as a 
preliminary step before investigating 
ship models is a merit of Weitbrecht’s 
approach. Good agreement has _ been 
found between calculated and measured 
velocities around these bodies due to 
the propeller action. 


3. Experiments should be performed 
for various speeds and load coefficients. 
Theory has succeeded in explaining that 
in the moored condition t = t, increases 
with increasing propeller load while for 
the advancing ship t decreases with in- 
creasing load coefficient. Especially in- 
teresting are measurements at the zero 
thrust point T= O where the suction 
force is only due to the non-uniform 
distribution of thrust over the disc [1]. 

A formula proposed by: Helmbold 
— bo u/2 + Vo Wp (31) 

vo + u/2 
valid for ideal fluid has been checked 


by Bassin [24]; it is suitable for ex- 
perimental verification. 


t 


4. The thrust deduction of single 
screw ships is much higher than the 
corresponding one of bodies of revolu- 
tion. Proposals have been made by Hog- 
ner and Kempf to produce a more uni- 
form wake, for instance by tapering the 
after body into a body of revolution. 
[23] This proposal may be linked up 
with the writer’s findings on some ad- 
vantages connected with a stern bulb at 
higher speeds [16]. However following 
the present prevailing opinion on Hog- 
ner’s suggestion expressed by van Lam- 
meren in a contribution to [1] the 
increase of resistance of such forms out- 
weighs the favorable influence on pro- 
pulsion. 


Contradictory solutions have been 
proposed even for elementary practical 
problems connected with our subject. 
Van Lammeren has suggested to de- 
crease the diameter of the propeller of 
single screw ships with the purpose to 
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reduce somewhat the non-uniformity of 
wake; he claims a gain in efficiency. 
Horn and Yamagata on the other hand, 
have found an increase in the thrust 
deduction t with increasing number of 
revolutions of the propeller due to a 
reduction of diameter [33]. Probably a 
solution of this contradiction will be 
found by a closer investigation of the 
character of wake. 

5. Longitudinal position of the propel- 
ler. Some experiments have been made 
to check the influence of a propeller 
position on the efficiency, for instance by 
D. W. Tayler [32], and by van Lam- 
meren [20]. The latter stated a beneficial 
effect with increasing distance e of the 
propeller up to 2D. The matter is a 
rather complex one, as it includes: 

a. decrease of t with increasing e (in- 
creasing propulsive efficiency ). 

b. decrease of w, with increasing e 
(increasing efficiency). 


c. nearly constant wy. 


d. changes of w,, which may be bene- 
ficial or detrimental to efficiency. 


Contrary, however, to the findings of 
van Lammeren experiments made by 
Yamagata [1] and analyzed by Dick- 
mann [1] indicate a drop of hull effi- 
ciency with increasing distance so that 
‘in any special case a careful investiga- 
tion is needed. 

6. Schoenherr and Aquino have de- 
veloped empirical formulae for the wake 
and thrust deduction [7, 35].* Since they 
are based on the analysis of a large 
number of model data they deserve a 
careful study. 


a. The formula proposed for the wake 
of single screw ships [7, 35] depends 
among other factors upon the vertical 
prismatic C, = x; obviously it is prefer- 
able to use the value for the afterbody 
xa = Cy, only, as this coefficient de- 
scribes fairly well the U or V shape of 
the run sections which influences de- 
cisively the distribution of the wake. 


* Because of their length they are not reproduced here. 
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The magnitude of the total coefficient 
(Cyat+Cyr) depends 
upon the shape of the sections in the 
forebody expressed by yp = Cyp, as 
much as upon yx, = Cya, but variations 
of xp affect the wake in a different way 
by influencing primarily the wave pat- 
tern. 


The Schoenherr formulas apply to the 
usual position of the screw relative to 
the ship. Such important items as the 
distance e and the Froude number do 
not appear. Finally, since the wake - 
formula has been derived from model 
tests only, the question remains open 
as to how results may be extended to 
full size ships. 


b. A simple formula 
t=kw (32) 
links the thrust deduction of single 
screw ships with the wake. 


The factor k depends especially upon 
the effects of locally not streamlined 
parts of the ship (run, sternpost, rud- 
derpost and appendages, rudder). These 
effects can be very large, as for the first 
time was found by Schlupp [21] during 
investigations on the effect of contra- 
rudders on propulsion. Schlupp has 
shown that the sometimes amazing im- 
provement in propulsive efficiency due 
to these devices is caused primarily by 
a decrease of the thrust deduction, 
whereas the original idea to regain the 
tangential losses of the slip stream has 
generally a secondary importance only. 
Therefore, the streamlined rudder is 
nearly equivalent to the contra-rudder. 


A theoretical explanation of these 
rudder effects which involves the in- 
vestigation of a system hull + propel- 
ler + rudder is still lacking, altho in 
principle something could be done on 
the basis of singularities. 


c. Following Schoenherr [7, 35] the 
wake of a twin screw vessel depends on 
the block coefficient Cg =0 and the 
angle of bossings only. Perhaps here 
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again the afterbody coefficient 0, is 
more characteristic. No parameters are 
given for the position of the screw 
relative to the hull and for the wave 
formation. 

Somewhat different expressions are 
proposed for inward turning screws and 
for arrangements with struts. The dif- 
ference in the wake formulae due to the 
sense of rotation indicates that the as- 
sumption of a simple sink (or sink dis- 
tribution) does not picture adequately 
the action of the propeller flow on the 
hull. 

d. The thrust deduction formula for 
twin screw ships 

= .25w + .114 (33) 
suggests that the concentrated effect of 
the bossings expressed by the constant 
term is more important than the average 
wake value. 

7. The influence of changes in the 
forebody on thrust deduction has been 
studied by various authors [26] [27]. 
The comparatively small alterations of 
the forebody in question can produce 
effects on the wave pattern only, leaving 
the other flow “components” (poten- 
tial and frictional wake) at the stern 
nearly the same. Following theory, the 
wave formation has only a small bear- 
ing on the thrust deduction coefficient t, 
so that t,, = 0. Hence, we should expect 
that the thrust deduction is practically 
invariant to changes in the forebody 
while changes in the wake fraction are 
imaginable depending upon the different 
wave patterns. This agrees on the whole 
with a remark made by Emerson [25]. 


- However, a thorough investigation on 


3 models with different forebodies, due 
to Troost, discloses an appreciable influ- 
ence of the entrance on the thrust de- 
duction [27]. Because of the large size 
of the models and adequate turbulence 
stimulation, we must presume that the 
results are not spoiled by unstable flow 
and represent a fact which endeavors 
to extend the theory. 

8. A considerable amount of mathe- 
matical analysis has been performed in 
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a paper on thrust deduction by Bassin 
[24], which pretends to extend Dick- 
mann’s results. 

Unfortunately, the investigation in- 
cludes basic errors: in applying Lagal- 
ly’s theorem Bassin obtains a term 
representing self-induction of the 
propeller sink system which is obviously 
wrong, as the velocity due to the sink 
itself must be excluded when calculat- 
ing the force 

F =—p,vQ (12) 
By a double error he succeeds in prov- 
ing Helmbold’s formula (31). Thus the 
results must be applied with great cau- 
tion notwithstanding the elegance of 
the method used. 

Finally, we mention a paper by Lefol 
[34]. Although this work is partly based 
on modern literature, the present writer 
does not see any real advance com- 
pared with more elaborate earlier pub- 
lications, except some small corrections. 
Thus it must be concluded as has been 
pointed out before that Dickmann’s 
papers [1, 2, 3] still represent the most 
advanced publications on the subject. 

9. Correlated problems. The changes 
of pressure on a hull due to a working 
propeller have important bearing on 
other problems in naval architecture. 
Well known is F. Lewis’ research on 
hull vibrations [28] caused by the non- 
uniform motion of water in the region 
of the propeller. 

Less known seems to be the influence 
of the propeller field on the steering 
qualities of twin and multiple screw 
ships. By changing, stopping, or revers- 
ing the revolutions of one propeller we 
change the corresponding pressure field 
around the stern of the ship. Thus, a 
transverse force K on the stern is pro- 
duced which may be considerably higher 
than the thrust deduction force tT Fig- 
ure 10. The turning moment KL, has 
the same sense as the moment due to 
the propeller thrust, but because of its 
large lever, L,, with respect to the cen- 
ter of gravity of the ship its magnitude 
may exceed by far the latter [22]. 
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The application of the source and 
sink concept to the system ship and 
propeller leads to a satisfactory explana- 
tion of the various phenomena summar- 
ized under the notation “thrust deduc- 
tion.” The quantitative analytic evalua- 
tion of the forces involved, altho in 
principle successful, meets still some dif- 
ficulties and there are some important 
gaps between results of theory and facts. 
Thus, there remains a wide field for 
systematic experimental investigations 
which can be planned and guided by the 


Fic. 10—Influence of Backing of a Propeller on the Steering Process 


SUMMARY 


LIST OF SYMBOLS 


Area, especially propeller disc area 
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present theory. One basic problem—the 
influence of the scale effect on the thrust 
deduction, especially the relation between 
the corresponding values for the model 
and the ship—cannot yet be rigorously 
solved; theoretical considerations indi- 
cate, however, that the common assump- 
tion following which the thrust deduc- 
tion coefficient t is roughly the same for 
the model and the ship may be a reason- 
able approximation especially when the 
size of the model is large. 


A(x) Sectional area curve 

Au Area of maximum section 

Ps Section of propeller race far behind 

Block coefficient 

Cy=x Vertical prismatic coefficient 

Cy, = xa Vertical prismatic coefficient of the afterbody 
Cyr = xr Vertical prismatic coefficient of the forebody 
D Diameter 

F Force 

‘i Rate of advance 

K Force 

L Ship length 

Lx Lever 

L, Lift 

M Total moment of doublet distribution 

N Number of revolutions 

Q Total output of a source distribution 

R Resistance 
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Thrust 
Period 
Volume displacement 

Wave amplitude 

Larger semiaxis 

Radius 

Distance 

Depth of immersion 

Half length 

Doublet distribution 

Maximum ordinate of distribution 

Normal 

Pressure; A , is pressure difference 

Source distribution 

Distance 

Slip stream ratio 

Thrust deduction 

Potential (displacement), frictional, wave thrust deduction 
Thrust deduction in the moored condition 

Slip stream velocity 

Velocity 

Constant speed of advance 

Taylor’s wake fraction 

Potential (displacement), frictional, wave thrust deduction 
Coordinates 

Circulation 


Strength of source 


Propulsion efficiency 
Propeller efficiency 
Doublet strength distribution 
Density 

Source strength distribution 
Load factor 
Resistance load factor 
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‘Man has depended on the sun and 
stars for guidance across the seas and 
oceans since the birth of navigation. 
Determination of his exact position, how- 
ever, has been limited to periods of 
relatively clear weather. The purpose of 
this paper is to show how radiometric 
techniques may be used to overcome in 
part the visibility limitations of celestial 
navigation. 

It has been known for many years that 
bodies above absolute zero in temperature 
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emit thermal radiation throughout the 
frequency spectrum. The spectral char- 
acteristics and quantity of energy emit- 
ted are functions of the absolute tem- 
perature. It is only recently that it has 
become known that the sun radiates an 
appreciable amount of energy in the 
radio frequency and microwave regions. 
The rapid advance of microwave tech- 
niques in the last decade has made pos- 
sible the development of a radiometric 
sextant. The term “radiometric” is de- 


) 
‘ 


rived from radiometry, the science of 
measurement of radiant energy. 

The sun’s microwave emission can be 
picked up by a highly directional antenna 
and detected by very sensitive receiving 
equipment. During periods of excessive 
sunspot activity this radiation or noise 
is much greater in the longer wave- 
length regions. The shorter wavelength 
region between about 0.3 and 2.0 cm 
seems to have a relatively constant level 
regardless of sunspot activity. This is 
one reason that the shorter wavelength 
region has been chosen as the band in 
which to operate the radiometric sex- 
tant. 


Planck’s black body radiation law is 
used as a basis for developing an ex- 
pression for the energy that a micro- 
wave antenna will intercept when di- 
rected at a given hot body. 

Planck’s radiation law states that for 
a black body 


8 ch 
ch 


where 
W) = density of radiation for a given 
wavelength : 
A = wavelength in cm. 
h = Planck’s constant. 
K = Boltzman’s constant. 
c = Velocity of light. 
T = Absolute temperature of the 
radiating body. 
This expression can be expanded in 
series form and simplified for the sun 
by ignoring the higher order terms. 
The result is the Rayleigh-Jeans for- 
mula 


8 2 KT 


This formula indicates that the radia- 
tion density emitted by the sun is di- 
rectly proportional to its absolute tem- 
perature and inversely proportional to 
the fourth power of its wavelength. 
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While this expression indicates the 
energy that is emitted, the amount re- 
ceived by an antenna at any distance 
will be significantly smaller. This reduc- 
tion in density is due primarily to three 
factors, (1) the inverse square law, 
(2) atmospheric absorption and (3) in 
some cases, atmospheric refraction. 


The inverse square law states that 
the energy density at any point is in- 
versely proportional to the square of 
its distance from the source. This reduc- 
tion in energy is relatively constant for 
any given distance and applies equally 
to all wavelengths. 


On the other hand, atmospheric ab- 
sorption is not constant and varies 
widely with both wavelength of the 
radiation and with weather conditions. 
For most wavelengths emitted by the 
sun under adverse weather conditions 
the atmosphere is virtually opaque. For- 
tunately at some wavelengths a detect- 
able portion of the sun’s energy pene- 
trates the atmosphere even under the 
most severe weather conditions. Among 
these wavelengths at which energy pene- 
trates is the band from about 0.3 to 2.0 
centimeters mentioned above. 


Refraction plays a minor part in the 
energy reduction in this band. When the 
sun is within 5 degrees of the horizon 


-a radiometric sextant is likely to give 


false elevation indications as a result 
of refraction. 


The sun cannot be considered as a 
point source of energy since it subtends 
a solid angle comparable in size to the 
major lobe of a highly directional an- 
tenna. Special antenna techniques must 
be used in the radiometry field. Here it 
is customary to express the energy 
radiated by a body in terms of its abso- 
lute temperature rather than in watts 
as in a radio transmitter. It is there- 
fore convenient to consider the power 
received in terms of an effective an- 
tenna temperature. This effective tem- 
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perature bears a definite relationship to 
the temperature of the source. 


Instead of receiving modulated ener- 
gy from a radio station the radiometric 
sextant receives noise energy from the 
sun. This noise energy has a constant 
value for any radial distance from the 
center of the sun. A scanning system 
can be introduced to produce a modula- 
tion of this noise energy. A -standard 
reference signal coupled with this modu- 
lated signal will produce the necessary 
error voltages to cause the sextant to 
track the sun automatically. 


The amount of energy received de- 
pends on the size and type of antenna 
used. For this instrument a parabolic 
dish is used with a properly terminated 


wave guide pickup located at the focal 


point. The diameter of the dish depends 
on the accuracy of tracking desired and 
the frequency radiation to which the 
system is tuned. In general the aperture 
of the reflector is directly proportional 
to the accuracy desired and inversely 
proportional to the frequency used. 


A block diagram of the radiometric 
sextant is shown in figure (1). The 
antenna waveguide feeds into a very 
sensitive superheterodyne receiver. The 
receiver noise level must be very low 
since its noise and that from the sun are 
similar in character. This means that 
the effective receiver noise temperature 
must be considerably below the noise 
temperature of any point observed on 
the sun surface. In other words the 
signal produced by the effective antenna 
temperature due to sun noise must be 
greater than that produced by all other 
sources of noise. 


The receiver design is essentially the 
same as that of any ultra-high fre- 
quency receiver except that the received 
energy is modulated by the scanning 
action of the antenna pick-up. The 
primary requirements of the antenna 
and receiver are that the gain and scan 
angle be so chosen that an error voltage 
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is generated. The magnitude of this 
error voltage must be sufficient to actu- 
ate a servo system and thereby accom- 
plish automatic sun tracking. 


Particular consideration must be 
given to the design of the servo system 
since the angular rate of travel of the 
sun is much greater in the vertical 
direction than in the horizontal direc- 
tion. This variation in the angular 
velocity components of the sun is not 
constant but varies with time of day, 
season of the year, and location on the 
earth’s surface. 


If the radiometric sun tracker is used 
as a navigational aid, its elevation and 
bearing must be given with reference 
to some known plane. Therefore, for 
navigational purposes the radiometric 
sextant must be mounted on a stable 
platform. Obviously the accuracy with 
which elevation angles can be given is 
dependent upon the accuracy of the 
stabilization. 


Since the sun position information 
that is derived from the radiometric 
sextant is in the form of electrical 
energy almost any kind of signal pres- 
entation can be used. If it is desired to 
track the sun continuously then a paper 
recorder or some other continuous re- 
cording mechanism would be suitable. 
However, if intermittent operation of 
the instrument is anticipated then the 
use of meters or vernier dials will be 
adequate. 


The sextant is a receiving device 
using a highly directional antenna and 
operating on a very high frequency. 
Thus it is not likely to be disturbed 
by any local or man-made static. 


The sextant can be made simple and 
very sturdy. It is easy to operate and 
maintain and thus suitable for use on 
ships at sea. 


In the studies preceding the develop- 
ment of a radiometric sextant the gener- 
ation, propagation and reception of 
microwave emission due to temperature 
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were analyzed. Particular attention was 
given to propagation of this energy 
through the atmosphere. Further in- 
vestigations included determination of 
the usefulness of microwave thermal 
radiation from other celestial bodies 
such as the moon and stars. The results 
indicated that the sun is the only 
source radiating enough energy to as- 


sure reliable tracking with the sextant. 
The moon, however emits or reflects 
enough energy for tracking under opti- 
mum atmospheric conditions. 

In conclusion it can be said that the 
radiometric sextant affords a method for 
cbtaining the position of the sun in all- 
weather conditions with an accuracy 
comparable to that of an optical sextant. 
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PART TWO . 


REPRINTED ARTICLES 


The articles contained in this Part Two represent those which, 
in the opinion of the editorial staff, are the most valuable which 
have been gleaned from recent issues of contemporary publications. 

This material was formerly published under the heading 
“NOTES”. It has been given somewhat more prominence and 
made more readable to enhance its value. The editors’ purpose 
here is to provide a convenient repository to readers of the 
Journat, for articles originally published elsewhere which con- 
tribute to the purpose of the Society: to further the advancement 
of naval engineering. 
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NATIONAL ACADEMY OF SCIENCES 


The founders of the National Academy of Sciences as painted by Albert Herter. Left 


to right W. B. Patterson, A. D. 


Bache, Joseph Henry, Louis Agassiz, Abraham Lincoln, 


Senator Henry Wilson, Admiral Charles H. Davis, and B. A. Gould. 


In connection with the Centennial 
Celebration of the AAAS it is inter- 
esting to note that 11 of the 15 presi- 
dents of the National Academy were 
also presidents of the AAAS, and, of the 
97 presidents of the AAAS, 84 are on 
the roles of the Academy. 


It was at a meeting of the AAAS in 
1851 that Alexander Dallas Bache, 
grandson of Benjamin Franklin, pointed 
out in his retiring presidential address 
that “an institution of science supple- 
mentary to existing ones is much needed 
in our country to guide public action 
in reference to scientific matters.” A 
further quotation from this address is as 
pertinent today as it was then: 


Our country is making such rapid 


progress in material improvements 
that it is impossible for either the 
legislative or executive departments 
of our Government to avoid incident- 
ally, if not directly, being involved 
in the decision of such questions. 
Without specification, it is easy to 
see that there are few applications of 
science which -do not bear on the 
interests of commerce and navigation, 
naval or military concerns, the cus- 


toms, the light-houses, the public 
lands, post-offices and _ post-roads, 
either directly or remotely. If all ex- 
amination is refused, the good is con- 
founded with the bad, and the Gov- 
ernment may lose a most important 
advantage. If a decision is left to 
influence, or to imperfect knowledge, 
the worst consequences follow. 


Such a body would supply a place 
not occupied by existing institutions, 
and which our own is, from _ its 
temporary and voluntary character, 
not able to supply. 


Twelve years later, in February, 1863, 
Joseph Henry, secretary of the Smith- 
sonian Institution, Alexander Dallas 
Bache, superintendent of the Coast Sur- 
vey, and Charles H. Davis, chief of the 
Bureau of Navigation, Navy Depart- 
ment, were named as a commission to 
report on various matters of science 
and art, but chiefly of a practical import 
and relating to the physical sciences. 
Davis’ letter of appointment is pre- 
served in the archives of the Navy De- 
partment. The members of this com- 
mission were active, in consultation 
with others, in forming a plan for a 


390 


il 
n 
c 
fe 
Si 
n 
a 
n 
t 
a 
n 
I 
n 
a 
n 
i a 
Ss! 
| 
1 


Left 
incoln, 


public 
roads, 
ll ex- 
; con- 
Gov- 
ortant 
ft to 
ledge, 


place 
tions, 
n its 
acter, 


1863, 
mith- 
Jallas 

Sur- 
of the 
spart- 
on to 
‘ience 
nport 
nces. 

pre- 

r De- 

com- 
ation 

for a 


National Academy of Sciences which 
would have the dual nature of honoring 
members elected to the group and of 
serving as adviser to the Government. 
The plan culminated in an Act of Con- 
gress which was passed by the Senate 
and by the House of Representatives 
and signed by President Abraham Lin- 
coln—all on Tuesday, March 3, 1863. 


In carrying out subsequent requests 
of Federal government agencies for ad- 
vice from the Academy, it was found 
that many problems required the com- 
bined action and thoughts of a specific 
group of people. Committees were there- 
fore named, and a brief mention of 
some of these may be interesting as 
illustrations of the questions presented. 


Advice was requested on weights, 
measures, and coinage. A committee on 
this subject is still in existence and has 
been called on from time to time. Other 
committees dealt with metric standards 
for the states; with philosophical and 
scientific apparatus; with protection of 
the bottoms of iron vessels; with mag- 
netic deviation in iron ships; with the 
astronomical day, the solar eclipse of 
1886, and the erection of a new naval 
observatory; and with questions on 
meteorological science and its applica- 
tion. The Department of State requested 
an Academy committee to look into the 
matter of restoration of the faded writ- 
ing of the original manuscript of the 
Declaration of Independence. As a re- 
sult of the report of this committee the 
manuscript was removed from exhibi- 
tion in 1893, sealed between glass plates, 
and placed in a steel safe, where it was 
no longer exposed to light and was 
secure from careless handling. 


The Department of Agriculture re- 
quested committees on silk culture and 
on sorghum sugar, which was suggested 
as a substitute for the then-scarce cane 
sugar. 


The Department of the Interior in 
1896 requested information on a rational 
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forest policy for the forested lands of 
the United States. An official expression 
from the National Academy was re- 
quested upon the following points: 


(1) Is it desirable and practicable 
to preserve from fire and to maintain 
permanently as forested lands, those 
portions of the public domain now bear- 
ing wood growth for the supply of 
timber ? 


(2) How far does the influence of 
forest upon climate, soil, and water con- 
ditions make desirable a policy of forest 
conservation in regions where the pub- 
lic domain is principally situated? 


(3) What specific legislation should 
be enacted te remedy the evils now 
confessedly existing? 


The members of the committee ap- 
pointed spent three months in laborious 
study and inspection of forests and 
found widespread devastation caused by 
fires started by careless or ignorant 
campers or hunters, devastation by 
herds of animals, and theft of timber. 
The preliminary report to the Secretary 
of the Interior recommended the estab- 
lishment of 13 new forest reservations 
covering more than 21,000,000 acres. 
The report was forwarded to President 
Cleveland on February 6, 1897, and on 
February 22 the. President proclaimed 
the establishment of these reservations. 
The full committee report on the in- 
auguration of the forest policy was 
comprehensive in scope and contained 
definite recommendations for the estab- 
lishment of a National Forestry Service. 


Soon after the organization of the 
National Academy of Sciences, Alex- 
ander Dallas Bache added a codicil to 
his will leaving a trust fund, the income 
of which should be for the “prosecution 
of researches in physical and natural 
science by assisting experimentalists 
and observers in such manner and in 
such sums as shall be agreed upon by 
the board of direction in the said clause 
named.” The first grant for scientific 


| 


NATIONAL ACADEMY OF SCIENCES 


Meeting of the National Academy of Sciences in Mineral Hall, Smithsonian Institu- 
tion, about 1871: 1, Joseph Henry; 2, Mary Henry; 3, W. J. Rhees; 4, F. W. Clarke; 
5, J. S. Newberry; 6, J. C. Dalton; 7, J. E. Hilgard; 8, J. J. Woodward; 9, Peter Parker ; 
10, Albert M. Mayer; 11, William Ferrel; 12, Benjamin Silliman; 13, C. E. Dutton; 
14, Emil Bessels; 15, Arnold Guyot; 16, J. H. C. Coffin; 17, B. A. Gould; 18, Elias 
Loomis; 19, C. A. Schott; 20, George Eugelmann; 21, Benjamin Piérce; 22, Simon New- 
comb; 23, Lewis H. Morgan; 24, A. A. Michelson; 25, John S. Billings; 26, Weir 


Mitchell ; 27, Frederic M. Endlich. 


research was made in 1871 to Prof. 
J. E. Hilgard in connection with the 
magnetic survey of the United States. 
The chairman of the trust fund com- 
mittee was Joseph Henry. Through this 
fund and subsequent bequests, the Acad- 
emy has been given an important in- 
strumentality for the promotion of sci- 
entific research. There are now 8 Trust 
Funds of the Academy which give 
grants ; additional ones have been estab- 
lished for the awarding of medals and 
honoraria for distinguished research. 


Notable contributors to the advance- 
ment of science in this and other coun- 
tries are honored by the awarding of 
medals and prizes. 


Stress of war brings problems soluble 
only by scientific research, and success- 


ful research requires trained investi- 
gators. In April 1916, when the entry _ 
of the United States into World War I 
was being foreseen, the National Acad- 
emy of Sciences offered its services 
to the President of the United States. 
The result of this offer is appropriately 
given in the words of George Ellery 
Hale, who did so much in the establish- 
ment of the National Research Council: 


President Wilson at once requested 
that steps be taken to organize the 
research agencies of the country, not 
solely with respect to the necessities 
of possible war, but also because of 
the importance of developing and 
utilizing them more effectively under 
peace conditions. This led to the estab- 
lishment in September 1916 of the 
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National Research Council, a federa- 
tion of governmental, educational, 
privately endowed, and industrial re- 
search agencies, resting upon the char- 
ter of the National Academy, and ex- 
tending the scope of its activities into 
every branch of the mathematical, 
physical, and biological sciences, and 
their applications to engineering, 
medicine, agriculture, and other useful 
arts. 


Thus our National Research Coun- 
cil differs fundamentally in several 
respects from the Advisory Councils 
for Scientific and Industrial Research 
recently established by the British, 
Australian, and Canadian Govern- 
ments, though its general objects are 
similar to theirs. Those Councils are 
branches of the Government, with 
officers appointed by the party in power 
and thus subject to political influences 
and exigencies. The National Re- 
search Council is closely connected 
with the Government, through the 
charter of the Academy and the Exec- 
utive Order issued by President Wil- 
son on May 11, 1918, which provides 
for the cooperation of Government 
Departments, and for the appointment 
by the President of representatives of 
their scientific and technical bureaus 
to membership in the Research Coun- 


cil on the nomination of the National 
Academy of Sciences. The constitu- 
tion of the Research Council is deter- 
mined, however, by the National Acad- 
emy, and this assures its scientific 
soundness. Moreover, the scheme of 
organization adopted by the Academy 
provides that the several divisions of 
the Research Council shall be made up 
of nominees of leading national scien- 
tific and technical societies interested 
in research. This gives the Council a 
thoroughly representative character, 
and makes it an actual federation of 
research agencies. Thus it is peculiarly 
well fitted to secure the cordial co- 
operation of the numerous elements 
that must work in harmony, if exten- 
sive plans for cooperation in research 
are to be carried into effect.? 


For two years the Research Council 
acted as an emergency or a temporary 
organization to assist the Government 
in coordinating the scientific resources 
of the country. On May 11, 1918, by 
Executive Order, the President re- 
quested the Academy, in view of the 
new and important possibilities of sci- 
ence and research in time of peace as 
well as war, to establish the Council 
ol a permanent basis. The purposes of 
the Council can best be expressed by the 
Executive Order itself. 


EXECUTIVE ORDER 


The National Research Council was 
organized in 1916 at the request of the 
President by the National Academy of 
Sciences, under its congressional char- 
ter, as a measure of national prepared- 
ness. The work accomplished by the 
Council in organizing research and in 
securing cooperation of military and 
civilian agencies in the solution of mili- 


tary problems demonstrates its capac- 
ity for larger service. The National 
Academy of Sciences, is therefore re- 
quested to perpetuate the National Re- 
search Council, the duties of which 
shall be as follows : 

1. In general, to stimulate research 
in the mathematical, physical and 
biological sciences, and in the appli- 


. From The national importance of scientific and industrial research, by George Ellery Hale and 
others. 
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cation of these sciences to engineer- 
ing, agriculture, medicine and other 
useful arts, with the object of increas- 


ing knowledge, of strengthening the — 


national defense, and of contributing 
in other ways to the public welfare. 


2. To survey the larger possibili- 
ties of science, to formulate compre- 
hensive projects of research, and to 
develop effective means of utilizing 
the scientific and technical resources 
of the country for dealing with these 
projects. 


3. To promote cooperation in re- 
search, at home and abroad, in order 
to secure concentration of effort, mini- 
mize duplication, and stimulate prog- 
ress; but in all cooperative undertak- 
ings to give encouragement to indi- 
vidual initiative, as fundamentally im- 
portant to the advancement of science. 


4. To serve as a means of bring- 
ing American and foreign investi- 
gators into active cooperation with 
the scientific and technical services 
of the War and Navy Departments 
and with those of the civil branches 
of the Government. 


5. To direct the attention of scien- 
tific and technical investigators to the 
present importance of military and 
industrial problems in connection 
with the war, and to aid in the solu- 
tion of these problems by organizing 
specific researches. 


6. To gather and collate scientific 
and technical information, at home 
and abroad, in cooperation with gov- 
ernmental and other agencies, and to 
render such information available to 
duly accredited persons. 


Effective prosecution of the Coun- 
cil’s work requires the cordial collab- 
oration of the scientific and technical 
branches of the Government, both 
military and civil. To this end rep- 
resentatives of the Government, upon 
the nomination of the National Acad- 
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emy of Sciences, will be designated by 
the President as members of the Coun- 
cil, as heretofore, and the heads of the 
departments immediately concerned 
will continue to cooperate in every 
way that may be required. 


(Signed) Wooprow WILson 
The White House 
11 May 1918 


An appreciable part of the war work 
conducted by the Council or under its 
auspices did not terminate in 1918 but 
was continued for longer or shorter 
intervals, and some of the committees 
are still operative, having been assimi- 
lated into the peacetime organization. 
This was peculiarly true of those whose 
work was most closely related to indus- 
trial problems, many of which are quite 
as significant for times of peace as for 
war. Certain metallurgical researches 
which were continued under the Divi- 
sion of Engineering are cases in point. 


The membership of the Research 
Council, numbering about 220, is now 
composed largely of appointed represent- 
atives of more than 90 of the major 
scientific and technical societies of the 
country, together with representatives 
of certain other research organizations, 
representatives of government scientific 
bureaus, and a limited number of mem- 
bers-at-large. These members receive 
their appointments from the President 
of the National Academy of Sciences. 
Representatives of the government 
executive agencies are appointed with 
the approval of the President of the 
United States. 


Many projects which contributed di- 
rectly to the successful conclusion of 
World War II were financed through 
contracts made with the Office of Scien- 
tific Research and Development, the War 
Production Board and other govern- 
ment departments and agencies. Im- 
portant projects undertaken included 
military medicine involving extensive 
cooperation with the Committee on Med- 
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ical Research, food and nutrition, re- 
search on critical metals and other ma- 
terials, and certain problems of actual 
warfare, many of them highly confi- 


dential. 


The National Research Council ad- 
ministers a large number of fellowships 
generously supported by organizations 
such as the Rockefeller Foundation, the 
American Cancer Society, Merck & 
Company, Inc., the Radio Corporation 
of America, the National Foundation for 
Infantile Paralysis, and, most recently, 
by a large grant from the Atomic En- 
ergy Commission. 


Neither the Academy nor the Re- 
search Council receives appropriations 
directly from the Government. Support 
for the central organization and main- 
tenance of the building and grounds is 
derived from an endowment which was 
a gift of the Carnegie Corporation. Spe- 
cial projects are financed by contracts 
with government agencies, nonprofit 
philanthropic organizations, and founda- 
tions. Grants-in-aid of research are 
available from a number of Trust Funds 
and from some of the resources enu- 
merated above. 


The National Science Fund was estab- 
lished by the National Academy of Sci- 
ences in April 1941. The Academy re- 
ceives, and the National Science Fund 
applies, large or small gifts for all phy- 
sical and biological sciences. The Fund 
also offers its services as adviser to any 
prospective donor to science. 


Giving money wisely is not a simple 
task. This is particularly true of sup- 
port for fundamental scientific research. 
Recognition of this fact led to the estab- 
lishment of the National Science Fund, 
which offers an organization controlled 
by a Board of Directors composed of 
distinguished scientists and qualified 
laymen to help donors to give wisely 
and usefully for the advancement of 
science. 


The Proceedings is the official organ 


of the National Academy of Sciences 
and of the National Research Council 
for the publication of brief accounts of 
important current research of members 
of the Academy and of the Council, and 
of other American investigators. Larger 
contributions to knowledge have been 
issued as Scientific Memoirs, among 
which might be mentioned “Report of 
the Eclipse Expedition to Caroline Is- 
land,” “On the Temperature of the Sur- 
face of the Moon,” “The Cave Fauna 
of North America,” “The Solar and 
Lunar Spectrum,” “Contributions to 
Meteorology,” “Catalogue of the Mete- 
orites of North America to January 1, 
1909,” “Studies Upon the Life Cycles 
of the Bacteria,” “Panama Canal Slides,” 
and many others. 


The Academy has also sponsored, to- 
gether with the Research Council, pub- 
lication of a number of books, some of 
which have attained the rank of best 
sellers. 


The Biographical Memoirs furnish 
much of human interest to the historical 
records of the Academy. 


The National Research Council issues 
a series of Bulletins giving general 
sources of scientific knowledge; direc- 
tories of research laboratories and per- 
sonel and of scientific societies and their 
officers ; reports upon the status of vari- 
ous fields of research; and special con- 
tributions of an original character. Its 
Reprint and Circular Series is for less 
extensive papers and for reprints of 
timely articles, some of which have had 
initial circulation elsewhere. 


The activities of each year, reported 


‘by the president of the Academy, the 


chairman of the Research Council, and 
the chairmen of Divisions of the Re- 
search Council, are contained in an 
Annual Report submitted to Congress 
through the president of the Senate. 


The building of the National Academy 
of Sciences and National Research 
Council, which was designed by the late 
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Bertram Grosvenor Goodhue, was com- 
pleted in 1924. The land on which it 
stands was purchased with funds sub- 
scribed by about 20 friends of science, 
and funds for its erection were pro- 
vided by the Carnegie Corporation. 


The building is of white Dover mar- 
ble, trimmed in bronze. Over the door- 
way is a representation of the elements 
with which science deals—earth and 
cloud, and the various forms of vege- 
table and animal life to man; at the 
apex is the sun, source of warmth and 
light. Bronze panels on either side of 
the doorway and pierced stone window 
grilles have woven into the scroll pat- 
tern the initials NAS and NRC, indi- 
cating the joint occupancy. The cornice 
of the building is composed of alternat- 
ing figures of the owl and. the lynx, 
typifying wisdom and alert observation, 
with a coiled serpent at each corner. 
The bronze window panels depict the 
progress of science from Greek to mod- 
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the great founders. The bronze doors 


ern times by means of a succession of 


portray 8 episodes in the history of 
science from Aristotle to Pasteur. 


No scientific laboratories are main- 
tained by the Academy or Research 
Council. Instead, they seek to coordinate 
the work of individual scientists and 
laboratories dealing with large problems 
in the fields of science. Among the 
means of carrying out these aims are 
conferences, technical committees, sur- 
veys, sponsorship of new organizations 
for research and of scientific publica- 
tions, and the administration of funds 
for research projects. 


This brief description of the very 
complex structure and function of the 
National Academy of Sciences and the 
National Research Council will, it is 
hoped, serve to remind the reader of the 
part these organizations have played in 
the development of science in this coun- 
try during much of the past 100 years. 
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AERONAUTICS 


AERONAUTICS 


ACKNOWLEDGMENT 


The 125th Anniversary Issue of the “Journal of the Franklin Institute,” Janu- 
ary 1951, contains a symposium titled “Science and Tomorrow.” This symposium 
consists of fifteen papers describing possible and probable future developments 
in various branches of science and technology. One of these papers, “Aeronautics,” 
was written by J. C. HunsAKER of the Massachusetts Institute of Technology. 


Human flight occurred for the first 
time in the history of our race near 
the beginning of this century, Decem- 
ber 17, 1903. The dream of flight is 
old. Men had long wondered at “the 
way of an eagle in the air.” Leonardo 
sketched artificial wings. The Mont- 
golfier brothers sailed with the wind in 
a balloon. Hardy adventurers leaped 
from high places with parachutes. 
Lilienthal slid from hill to valley in a 
glider two thousand times before his 
fatal crash. The simultaneous advent 
of benzine and the internal combustion 
engine, in the closing years of the 19th 
century, suggested to Langley and other 
pioneers the application of power to a 
glider to make a true flying machine. 
However, the principle of control in 
three-dimensional space was lacking. 
This lack was supplied in the Wright 
brothers’ great invention. 


Never has a new vehicle been born 
into a more favorable climate for its 
technical development. Applied science 


and the industrial revolution of the 19th 
century had piled invention upon inven- 
tion : machine tools, railways, steamships, 
the electric telegraph, photography, the 
typewriter and typesetter, and finally the 
motor vehicle. It seemed, at the dawn 
of our century, that man needed only 
to accomplish the conquest of the air to 
dominate his planet. In our own time 
man has achieved this conquest to an ex- 
tent unforeseen by the most optimistic. 


The Wright airplane disclosed a sus- 
taining wing structure, engine-driven 
propeller, and means for controlling at- 
titude in pitch, roll and yaw. This basic 
type has continued to the present day. 
Its performance was rapidly improved 
by application of the advancing tech- 
nology of the new century. Research and 
development were stimulated by gener- 
ous national subventions, and two wars 
poured billions into the production of 
bigger and better flying machines. 


In his 1950 Wilbur Wright Memorial 
Lecture.t Sir Richard Fairey traced 


1Jour. R. Ae. Soc., Vol. 54, pp. 405-432, London, 1950. 
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fifty years of expenditure on aeronau- 
tics, world-wide, making intricate al- 
fowances for the shrinking values of 
money and varying exchange rates. The 
curves of Fig. 1 show that expendi- 
tures of America and Britain were rela- 
tively modest during the period between 
wars, but that the world total rose 
abruptly between 1934 and 1939 into 
the billions (Germany, Japan, Italy, Rus- 
sia). Sir Richard stops his analysis 
with 1948, by which time the total ex- 
penditure by all nations in peace and 
war adds up to 256 billion U. S. dollars 
since the Wright brothers made their 
contribution to the technology of trans- 
portation. Orville Wright was not un- 
aware of the military value of the air- 
plane, since the first sale was to the 
U. S. War Department. However, he 
always contended that he and his brother 
Wilbur thought of their airplane as a 
contribution to international communi- 
cations, trade and good will. Perhaps 
the next fifty years will prove him to 
have been right in the long run. 


Designers were at first the inventors, 
then engineers and scientists. The de- 
mands of the airplane led to the crea- 
tion of strong light alloys, high octane 
gasoline, high output engines, and spe- 
cial operating equipment using radio, 
radar and auto pilots. A new science of 
aerodynamics was evolved to serve de- 
signers. New impulses were given to 
the classical but somewhat sterile 
theories of hydrodynamics, elasticity, 
radiation, gyroscopics, and navigation. 
Old ideas for a gas turbine were res- 
urrected and applied with spectacular 
success. 


Taking speed records of propeller- 
driven airplanes as a measure of prog- 
ress, the increase in 47 years has been 
from about 40 to nearly 500 miles per 
hour, or at the rate of some 10 miles per 
_year of effort. Simply projecting this 
trend suggests that the next 50 years 
should bring the airplane’s speed record 
to 1000 miles per hour. A fallacy must 
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be present here, because the newspapers 
inform us that jet-propelled research 
airplanes have repeatedly flown at super- 
sonic speeds. This sounds like 1000 miles 
per hour already. 


Closer examination of the position 
shows that the jet-propelled airplane is 
not the airplane of the Wright brothers ; 
something new and revolutionary has 
been added. A radically lighter and 
more powerful means of propulsion 
eliminating the propeller is a mutation 
that upsets statistics of past growth. 
The engine and propeller-driven air- 
plane has indeed made a normal growth 
curve, topping off between 1940 and 
1950, with a maximum sea level speed 
of the order of 450 miles per hour. 


The performance of jet-propelled air- | 


planes is too recent to establish a trend 
from which to venture a forecast. All 
we know is that we shall have to do 
with a new kind of airplane to which 
vastly increased thrust can be applied. 
How fast will it go? The answer seems 
to be as fast as required. . 


The limits on useful speed will be 
imposed by practical considerations of 
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range, load, control, and safety. Ex- 
treme speed can only be attained with 
an outrageous rate of fuel consumption 
even when advantage is taken of the 
diminished resistance of the air at high 
altitudes. Higher speed means shorter 
range or the sacrifice of pay load. Fur- 
thermore, wings may be clipped to a 
degree that makes control for take-off 
and landing impractical. Pushing pos- 
sibilities to the limit, one can replace 
the pilot by automatic or robot controls, 
launch by catapult or from another air- 
plane, and expend at the end of flight. 
Such an ephemeral insect-like thing is 
the guided missile, featured by the 
popular press but otherwise clothed in 
security wrappings. Rocket-propelled 
for less than a minute, 12-ton German 
missiles landed in London from a 
launching point in France with a ton 
of explosive. The velocity exceeded 
3000 miles per hour over part of the 
trajectory. 


Exploitation of the rocket art for mili- 
tary purposes will no doubt continue, 
with substantial improvements in fright- 
fulness over the German models. En- 
gineers who should know better have 
aroused public anxiety by predicting in- 
tercontinental push-button warfare, sat- 
ellite vehicles circling the earth like 
moons, and space ships for interplane- 
tary excursions ! 


The possibility of such space ships is 
usually based on Dr. R. H. Goddard’s 
concept of a multi-stage rocket. A giant 
rocket as big as a cruiser starts from 
the earth and then ejects a smaller one 
and so on until the last rocket escapes 
into space. Calculations can be made 
to show that this might be done at 
enormous expense. 


Another speculative calculation can be 
made to show that a few pounds of 
fissionable material might suffice for an 
escape rocket. This idea shifts the prob- 
lem from the source of power to the 
means to apply it. The atomic energy 
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must be transferred to a working fluid, 
such as hydrogen, to be ejected at high 
velocity. The material to withstand the 
temperature involved is unknown, and 
the engineering data necessary for the 
development of an atomic rocket are 
not available for scrutiny. 


We already use rockets for exploring 
the upper air, for accelerated take-off 
of airplanes and for other auxiliary 
purposes and, no doubt, further uses 
will appear. Since rockets and, to a 
somewhat less degree, ram-jet power 
plants, are so extremely extravagant of 
fuel, they seem likely to find their best 
applications to weapons. 


I would hesitate to say now what 
might not be possible in 1999, but it is 
safe to predict that- applications of the 
rocket principle for air warfare will be 
the subject of intense effort. 


I leave out of this discussion design 
trends in military airplanes. The design 
of military airplanes, like that of war- 
ships, is governed very largely by the 
foreign policy and military plans of the 
nation, checked by intelligence of actual 
or potential foreign equipment, and 
controlled by the general state of tech- 
nology at a given time. 


The international situation for the 
next 50 years is unpredictable. There is 
now an evident trend toward prepara- 
tion for war. Under this trend, aero- 
nautical development is now directed 
toward the needs of national security 
but technical advances in military aero- 
nautics are ultimately applicable to civil — 
uses. We have twice observed the 
stimulating effect of war on postwar 
air transportation. 


-In a period of peace, research results, 
as they disclose new knowledge, suggest 
to designers in a competitive industry 
new solutions. From their experiments 
come practical improvements, usually 
minor, but over the years their effect 
is cumulative. ; 
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Fic. 2—Sea level, airplane speed records 
(After H. Luskin, Douglas Aircraft Co.) 


The trends of immediate improve- 
ment are usually evident from a com- 
parison of current designs with research 
data not yet applied. There is always 
a time lag before research findings 
come into general use, but such trends 
justify only short-range predictions, 
perhaps over a ten-year rather than a 
fifty-year period. 


For example, it is evident that the gas 
turbine is revolutionary in its effect of 
affording more power and hence higher 
speed to modern airplanes. The recip- 
rocating engine is mature and efforts 
to improve it have reached a stage of 
diminishing returns. The turbine is 
simpler, lighter and more compact. Its 
big disadvantage is its youth, and con- 
sequent occasional unreliability and a 
tendency to extravagance. Youth will 
be outgrown and hence one may safely 
predict reliability to be promptly estab- 
lished. The fuel economy is now rela- 
tively poor, but three ways to improve 
it are known. 


First, and most readily, fuel economy 
can come from higher compression of 
the combustion air. A current compres- 
sion ratio of 4 to 1 can be raised to 8 
or even 12 to 1 by using more powerful 
compressors. The design principles for 
such compressors are now established. 
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Early application should bring fuel 
economy at high cruising speeds down 
to equal that of the ordinary engine. 


Second, raising the temperature of 
the products of combustion before en- 
trance to the turbine will both improve 
fuel economy and increase power output. 
The current limit on allowable tem- 
perature is due to the metals available. 
Research indicates the ‘possibility of bet- 
ter heat-resisting metals, ceramics and 
their combination ceramels. Further- 
more, experimental schemes for turbine 
blade cooling indicate interesting pos- 
sibilities for raising gas temperatures 
with present blade materials. Eventual 
success with higher temperature should 
bring fuel economy down to that of the 
best engines. 


Third, it is known that a substantial | 


gain in economy can be had by the use 
of heat exchanger surfaces to transfer 
some waste heat from the exhaust to the 
compressed air for combustion. Taken 
with the other two improvements, it 
should be possible to attain a fuel econ- 
omy superior to that of any previously 
known aircraft power plant. However, 
heat exchangers will not be adopted 
quickly. They involve increased weight 
and space, and a complication that 
threatens reliability and ease of main- 
tenance. Perhaps, marine and stationary 
gas turbines will pioneer this avenue. 


I believe that the propeller is the 
simplest and most efficient machine for 
converting torque to thrust. It is man’s 
invention. It is not found in nature. 
If the gas turbine is such a superior 
power plant, it is a natural idea to gear 
it to a propeller to make it more effec- 
tive than when its exhaust jet alone is 
used to give thrust. 


The jet is certainly simple. It weighs 
nothing but is somewhat wasteful, espe- 
cially at low airplane speeds. The kinetic 
energy of the small diameter high- 
velocity jet is all lost. Only its mo- 
mentum gives thrust. The propeller 
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also creates a jet in its “slip stream” 
but this is a large low-velocity jet in 
which the ratio of momentum (thrust) 
to kinetic energy is high. Good propel- 
lers have an efficiency of as much as 
88 percent. 


Over the years the speed of commer- 
cial air transports has lagged the air- 
plane speed records by 15 or 20 years. 
When the speed record was 400 miles 
per hour, air transports cruised at 200. 
Now the new transports can cruise at 
better than 300 miles per hour. As mili- 
tary experience with high-speed flight 
accumulates, we may expect the speed 
of air transports to follow with a con- 
servative lag but probably not so great 
as in the past. 


It had long been considered that pro- 
pellers become inefficient at an airplane 
speed of much over 400 miles per hour. 
Then the tip speed of the propeller 
blades became excessive. However, re- 
cent research suggests a change in pro- 
peller design which should render pro- 
pellers effective beyond 500 miles per 
hour, and perhaps to 600. There are 
practical difficulties to be overcome, 
but discounting them, it appears that 
the gas turbine driving a _ propeller 
promises the more powerful drive 
needed to get higher transport speed, 
while retaining the high efficiency of 
the propeller. The prediction of the 
early appearance of faster air trans- 
ports with geared gas turbine-propeller 
drive is easy. 


Whether, in a more distant future, 
there will be reason to fly passengers at 
supersonic speeds is perhaps doubtful. 
There certainly will be good reason for 
bombers to fly at the maximum speed the 
art permits. When they do, propellers 
can not be used and jets will take over. 
When air transport wishes to emulate 
the speed of bombers, they also will 
have to use.jet propulsion. 


In the present state of knowledge, 
considerations of economy favor the 
Propeller-gas turbine power plant. For 
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routes with stops at 1000 mile intervals, 
the advantages of speed may be con- 
trolling, and jet propulsion gas turbines 
used. For feeder line local service, for 
freight and general utility work, for 
private (not common carrier) airplanes 
the propeller and engine seem best. 


Any engineer will agree, I think, that 
the different means of propulsion will 
be used in future where there is a real 
advantage. Research and development 
may change relative merits from time 
to time, and unpredictable inventions 
may occur. Just now, it appears that 
the gas turbine has good possibilities 
for substantial improvement, whether 
used for jet propulsion or to drive a 
propeller. 


Air transportation is already big 
business. In 1949, more than 16,000,000 
passengers were carried by U. S. air 
lines, with only one fatality per 100,000,- 
000 passenger miles. Statistically, the 
safety record looks good. The risk is 
certainly insurable, but this does not 
comfort the individual passenger when 
he reads of a spectacular crash in his 
newspaper. Nor is the passenger com- 
forted when his flight is cancelled by 
reason of bad weather. The cancella- 
tion is in the interest of his safety, but 
he thinks first of his missed appoint- 
ment and general inconvenience. 


Figure 3 shows the continuous rise 
in air transport speeds for the last 25 
years, but the mean line always lies 
well below the record speeds of Fig. 2. 
The new British jet-propelled trans- 
ports, COMET and JETLINER, prom- 
ise the continuation of the secular speed 
increase we have been accustomed to. 
I have no reason to project the straight 
line to intersect 1000 miles per hour 
at 1970. This would be outside the chart, 
and over into the region of transonic 
speed where critical aerodynamic trou- 
ble can be predicted. 


Too rapid adoption of possible design 
improvements in air transport and un- 
usual efforts to maintain schedules in 
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bad weather work against safety. Air 
trarisport cannot proceed at once to ex- 
ploit many possibilities of the art sug- 
gested by current research. A number 
of difficult problems musi first find prac- 
tical solutions. No doubt solutions will 
be found, but the timing is uncertain. 
The next fifty years should bring solu- 
tions to the following difficulties that 
now appear formidable. 


1. Fatigue—As airplanes fly faster, 
the wings must be thinner and of 
sharper profile. Such wings are flexible. 
They bend and twist in gusty air and 
under the shock of landing. The effect 
of rough air is magnified by higher 
speed. The structure of the wings is 
strained repeatedly and may gradually 
lose strength by fatigue. Research has 


Fic. 3.—Speed of transports (From Aviation Week, May 22, 1950) 
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accumulated data as to the repetitions 
of strain per 1000 hours of flight on 
various transcontinental trans- 
ocean routes, but is as yet unable to 
predict the safe life of the airplane. 


2. New Materials—The fatigue prob- 
lem is allied to the problem of new 
materials and methods of construction 
to make stiffer wings. For example, 
there are possibilities in the use of ad- 
hesives instead of rivets, sandwich con- 
struction of metal and plastic, new al- 
loys and, finally, the recent availability 
of titanium. 


3. Stability and Control—To fly faster 
requires new configurations to avoid 
the aerodynamic disturbances that ap- 
pear at critical speed near the speed of 
sound.. Swept-back wings have been 
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found valuable at high speeds but un- 
fortunately introduce trouble with con- 
trol when approaching a landing. Also 
some high-speed airplanes exhibit sta- 
bility vagaries which seem too quick for 
a human pilot to cope with. This sug- 
gests more dependence on automatic 
controls and servo mechanisms. 


4. Physiology—Airplane design must 
always consider the limitations of hu- 
man physiology. The paragraph above 
refers to the pilot’s reaction time. The 
human air-breathing animal requires 
definite rations of oxygen, carbon di- 
oxide and water vapor, in a strictly 
limited range of temperature and pres- 
sure. If he be housed in an air-condi- 
tioned cabin with a pressure correspond- 
ing to an altitude of some 8000 ft., he 
is quite comfortable. However, in order 
to attain high speed, air transports of 
the future might fly at 40,000 ft. or 
higher. Mechanical failure to maintain 
cabin pressure could result in fatal de- 
compression. Air transport operators 
presumably will require assurance that 
the chance of failure of cabin pressure 
will be as remote as structural collapse 
of a wing. 


5. Air Navigation—The limitation of 
the present airway navigation and 
traffic control systems prevent the ex- 
peditious and safe handling of the cur- 
rent traffic load. Elements of a compre- 
hensive system of radar range, sur- 
veillance and precision-approach ground 
equipment are already being installed at 
some airports and military flying fields. 
A complete system covering the North 
American continent could be followed 
by its world-wide extension during the 
next 50 years, if the international cli- 
mate is favorable to free communica- 
tions and traffic. The full development 
of all-weather flying depends on this. 


6. Airports — The great potential 
growth of air commerce depends not 
only on air navigation facilities but 
also on the availability of suitable air- 
ports. The higher cruising speeds now 
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anticipated require, for economical 
operation, higher wing loading. Take- 
off and landing characteristics limit such 
fast air transports to the largest airports. 
The newer airliners are probably at the 
limit for safe operation from the ma- 
jority of large airports. It is probable 
that runway lengths will be increased 
at some of the great international air- 
ports but the larger number of munic- 
ipal airports cannot expand. This will 
bring about a distinction between high- 
performance air transports for long dis- 
tance routes, and air transports of more 
modest performance, making frequent 
short flights between airports located 
near every considerable center of popu- 
lation, and feeding in to the large trans- 
continental and international airports. 


7. Helicopters — Air transport be- 
tween airports cannot reach full com- 
mercial stature, unless improved means 
are developed to get the passengers, 
mail and freight to their ultimate des- 
tination. Motor vehicles are the present 
means, but are costly and slow. For 
short flights, time in the air may be 
exceeded by the time required for 
ground transport. The helicopter ap- 
pears to have the characteristics re- 
quired to solve this problem but at 
present is complicated, costly and rela- 
tively inefficient as a load carrier. It 
has proved of value for special services 
where the airplane is hopeless, such as 
for rescue operations, some kinds of 
crop dusting and, in general for regions 
with no roads or landing fields. It has 
not yet been able to compete with motor 
transport. . 


The present handicaps of the heli- 
copter are not fundamental, and future 
designs may be simplified by eliminat- 
ing the articulated rotor with its unfa- 
vorable vibration characteristics and 
limitation on forward speed from blade 
stalling. 


It will not require inventive genius 
to work out the application of an auto- 
pilot to correct difficult handling char- 


| 


acteristics which now effectively pre- 
vent blind flying in slow-speed approach 
conditions. The future high-speed heli- 
copter should have a payload equivalent 
to an airplane designed for the same 
speed and still retain the ability to 
hover. 


Some mention should be made of so- 
called convertible aircraft, intended to 
operate as a helicopter at take-off and 
landing and to convert itself mechanic- 
ally into an airplane during flight. 
Many schemes to accomplish this have 
been proposed, all involving great com- 
plication and risk, and violating most 
of the principles of good functional de- 
sign. However, I can only echo the 
general of the last war, who said, when 
shown plans for an unusually ingenious 
but tricky new weapon: “Even if it 
works, I don’t want it!” The prospect 
for the development of fast efficient heli- 
copters should make such a combination 
vehicle unnecessary. 


The evidence from current trends in 
research suggests that the helicopter may 
ultimately replace the airplane for short 
feeder-line flights, that turbo-propeller 
airplanes will serve normal intercity 
traffic and that transcontinental and 
transoceanic flights will be in very high 
altitude turbojet airplanes of very high 
speed. Six hundred miles per hour cruis- 
ing speed is not unreasonable.” 


Airplane designers might profitably 


cast, April 22, 1950. 
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use the time needed by their power plant 
colleagues to bring the turbojet economy 
and reliability to a commercially attrac- 
tive standard by improving the safety 
and livability of airplane passenger com- 
partments, and by solving the very cri- 
tical problem of the fatigue life of the 
airplane’s fundamental structure. 


In the meantime, commercial air 
transport may stagnate at about the 
present level, due to congestion at air- 
ports attempting to handle both local 
and long distance flights with inade- 
quate equipment. An international sys- 
tem of air navigation and traffic con- 
trol is essential to the full utilization for 
a peaceful world of the “conquest of the 
air” which our generation so proudly 
claims. 


Competition, both military and com- 
mercial, forces increased airplane per- 
formance. Improved performance has 
come in the past from more efficient 
aerodynamic forms, combined with 
more powerful and efficient propulsion 
systems and fuels. It appears from cur- 
rent research that aerodynamic progress 
in the transonic and supersonic speed 
regions is paralleling the rate of prog- 
ress formerly achieved in the lower 
region. One can only conclude that 
the manifold advantages of exploiting 
the conquest of the air will ensure that 
the necessary effort will be made over 
the coming half century. 


2 Prediction of J. J. O’Connell, Jr., Chairman of Civil Aeronautics Board, United Nations broad- 
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ELECTRONICS 


SOME PROSPECTS IN 
THE FIELD OF ELECTRONICS 


ACKNOWLEDGMENT 


This article is another one making up the symposium “Science and Tomorrow” 
contained in the 125th Anniversary Issue of the “Journal of the Franklin Insti- 
tute,” January 1951. Written by V. K. ZworyKin of Radio Corporation of 
America, it discusses the trends in the electronics field in the near future. 


The boundaries of the field of elec- 
tronics, like those of almost any branch 
of technology, are vague. Enclosing 
within them everything in which the 
electron plays a vital function would 
certainly take in too much territory, yet, 
restricting the domain of electronics to 
devices involving the employment of 
free electrons only would leave out such 
items as crystal triodes and diodes 
which, by reason of their function, have 
been quite generally claimed by workers 
in electronics. 


It must be recognized, however, that 
until recently the free electron has been 
responsible for the role which electronics 
has come to play in the modern world. 
Its extraordinarily large specific charge 
makes it possible to impart to it high 
velocities with the aid of moderate elec- 
tric fields and to deflect its path with 
ease by either electric or magnetic 
forces. This is the reason for its effec- 
tive use for the amplification of rapidly 
varying currents or voltages and the 
generation of high-frequency oscillations 
in the vacuum tube, for the indication of 
voltage and current variations in the 
oscillograph, and for the generation of 
picture signals in the television camera 
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and the reconstruction of the televised 
scene in the viewing tube. The same 
property proves valuable in the detec- 
tion and measurement of light by photo- 
tubes and in the generation of X-rays 
in X-ray tubes. Finally, in the electron 
microscope the scattering properties of 
matter for fast electrons, the nature of 
their interaction with magnetic and elec- 
tric fields, and their wave character- 
istics combine to permit the use of free 
electrons to extend the recognition of 
microscopic detail by two orders of 
magnitude. 


The history of electronics can con- 
veniently be divided into four overlap- 
ping periods. In the first, ushered in 
by DeForest’s invention of the audion 
and terminated, approximately, by the 
First World War, electron currents 
were controlled in vacuum tubes in 
much the same manner as a steam valve 
controls the flow of steam in a pipe. 
No more attention was paid to the 
behavior of the individual electrons in 
the tube than is customarily expended 
on the motion of the individual steam 
molecules in the valve. The English 
designation “electron valve” sin- 
gularly fitting for this period. 
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In the succeeding period, taking up 
much of the ’twenties and ’thirties, the 
directed, rather than random, charac- 
ter of electron motion in vacuum was 
applied in the cathode ray tube and for 
improving the efficiency of amplifier 
and oscillator tubes by proper shaping 
and aligning of electrodes. The electro- 
static secondary-emission multiplier 
phototube, in which secondary electrons 
are guided from one electrode to the 
next by a careful adjustment of elec- 
trode shapes, is a typical product of 
this epoch, 


The third period, beginning some time 
before the Second World War, further 
subdivided the beams of electrons into 
groups and dealt primarily with the 
latter. This subdivision was either on 
the basis of time, the electrons being 
bunched at certain phases of an ap- 
plied high-frequency field as in the 
klystron or magnetron, or of space, as 
in image-forming devices; the electron 
microscope and the image tube are 
typical representatives of this group. 
A somewhat different form of group 
selection, on the basis of time and 
place of injection, occurs in the beta- 
tron. 


The fourth period in the development 
of electronics, in which we find our- 
selves at present, is concerned with 
the control of electrons within solids. 
Here, with crystal diodes, transistors. 
photoconductive pickup tubes, etc., we 
have barely made a beginning. However, 
in large part with the aid of the typical 
products of the preceding periods, 
which are at the same time undergoing 
continuous further development, this 
period should prove at least as pro- 
ductive as any of the earlier ones. 


Let us visualize some of the trends in 
the evolution of the electronic art in 
the near future. We may distinguish 
here between the development of new 
devices and the extension of their prac- 
tical application. In the field of ampli- 
fying tubes and oscillators we can 
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safely predict that the stress will con- 
tinue to be placed more and more on 
types suitable for the very-short-wave- 
length region of the radio spectrum, 
where the time of travel of the electrons 
can no longer be neglected in compari- 
son with a period of oscillation. In oscil- 
lators and narrow-band amplifiers the 
tube geometry will, as now, for exam- 
ple, in magnetrons and klystrons, be 
determined in large part by the fre- 
quency of the oscillation generated or 
amplified. At the same time, wide-band 
amplifying tubes will increasingly be 
provided by devices in which energy is 
exchanged between electron streams and 
traveling wave fields, as in the traveling- 
wave tube, the double-stream tube, and 
others. Similar techniques of energy 
interchange, in reverse direction, serve 
to provide high-energy electron beams 
in linear accelerators. 


Concurrently, there will unquestion- 
ably be a continued great increase in 
the application of electronic components 
in all departments of life. In heavy in- 
dustry case-hardening and annealing of 
metal parts by radio-frequency currents 
already plays a large role. Glueing of 
plywood, heat-detonation of explosive 
rivets, sealing of metal tubes, welding 
of plastic sheet, and dehydration of 
antibiotics are other effective uses of 
radio-frequency heating. In the food 
industry the same technique may be 
employed for the sterilization of pack- 
aged foods and liquids, the blanching 
of vegetables, and specialized cooking 
operations. Food sterilization by bom- 
bardment with electrons in the million- 
electron-volt range also appears to be 
a promising field. In medicine radio- 
frequency fields may not only be em- 
ployed for certain types of therapy, but, 
in addition, the “radio knife” which 
seals the capillaries severed in an inci- 
sion, is a valuable aid in surgery. 


Up to this point we have considered 
the power output of electronic devices; 
of quite as great importance is their 
employment for analytical and diagnos- 
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Fic. 1—A modern desk-type electron 
microscope 


tic purposes. The use of very-high- 
energy X-rays for the detection of flaws 
in machine parts, facilitated by electron 
image amplifiers, will become increas- 
ingly standard practice. Similarly, spec- 
troanalysis of the alloys used for ma- 
chines and manufactured products with 
the aid of automatic recording equip- 
ment employing multiplier phototubes 
will be much more general than it is 
at present. Isotope tracer methods in 
chemical and metallurgical studies will 
call for scintillation counters and other 


electronic equipment in increasing num- 
bers. 


The same devices will find extended 
use for diagnosis, therapy, and research 
in medicine and biology. Many time- 
consuming routine operations, such as 
the making of blood counts, can cer- 
tainly be carried out more speedily and 
accurately by electronic methods. Tele- 
vision techniques applied to the study 
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of the variation in skin potential dis- 
tribution already hold much promise for 
the rapid diagnosis of brain tumors and 
heart conditions, yielding information 
in much more readily interpreted form 
than that supplied by the conventional 
electroencephalograph and electrocardio- 
graph. There can be little question that 
the measurement of body potentials and 
their variation, made possible by ampli- 
fying equipment of high sensitivity, will 
prove of increasing value in many other 
areas of medical diagnosis and_bio- 
logical research. 


The electron microscope, also, is 
likely to find not only increasing use 
as a research tool in biology, chemis- 
try, and metallurgy, but, on the basis 
of research findings, as a diagnostic 
aid as well. The introduction of smaller, 
more compact, models of the electron 
microscope, supplementing the larger 
research instrument, should prove par- 
ticularly valuable here, just as in rou- 
tine chemical tests. At the same time, 
fundamental research probing into basic 
life processes, the growth mechanism 
of crystals, and innumerable other fron- 
tier regions of knowledge will find the 
electron microscope indispensable. 


Even broader in its applications than 
the electron microscope is the electronic 
computing machine. It not only sup- 
plies quantitative answers to problems 
in fields governed by known laws, how- 
ever involved their application may be; 
it also greatly accelerates the discovery 
of laws governing physical phenomena 
through the rapid comparison of the 
predictions of an hypothesis with actual 
measurements. 


There are two types of electronic 
computing machines: the analogue 
computer and the digital computing 
machine. In the former the variables 
in the equation to be solved are rep- 
resented by electrical quantities, such 
as current or voltage, and the operations 
occurring in it, by the characteristics of 
the circuit and tube elements making 
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up the computer. Both in principle and 
in function, the electronic analogue 
computer is closely related to the me- 
chanical analogue calculating device, 
which, in the form of Bush’s differen- 
tial analyzer, ushered in the era of large- 
scale computing machines. 


Examples of electronic analogue 
computers are McNee’s_ differential 
analyzer for the solution of ordinary 
differential equations (1) ;' Goldberg 
and Brown’s simultaneous equation 
solver (2); and the numerous auxiliary 
circuits employed, in radar technique 


and elsewhere, to simplify the presenta- - 


tion of data. By its very nature the 
application of the analogue computer 
tends to be specialized, its accuracy 
limited.2 Even so, it has proved its use- 
fulness in countless ways, in a saving 
of time and effort and the elimination of 
human error. 


By contrast, the digital computing 
machines are quite universal in their 
application and their accuracy is only 
limited by the number of significant 
figures which can be entered on them. 
As the name implies, the digital com- 
puter deals with numbers represented 
by a sequence of digits. The primary 
difference between the electronic digital 
computer and the familiar mechanical 
computing machine is a difference in 
the speed with which the electronic 
machine can perform the elementary 
arithmetical operations. This quantita- 
tive difference, however, leads to im- 
portant qualitative differences: If the 
time in which the elementary arith- 
metical operations are performed is meas- 
ured in microseconds, the basic ad- 
vantage of the high speed of the ma- 
chine is lost unless the time of trans- 
fer from one operation to the next, 
also, is measured in microseconds. This 
necessarily eliminates the role of a hu- 


1 Numbers in parentheses refer to references at the end of the paper. 
? Eventually, as in the simultaneous equation solver, a rapidly converging process of iteration may 
be employed to achieve results of arbitrary accuracy. 
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Fic. 2.—An electronic analogue computer : 
the simultaneous equation solver 


man operator from all intermediate 
operations and even prohibits the em- 
ployment of mechanical devices in the 
major portion of the computation proc- 
ess. The human operator only enters in 
the setting up of the machine for a 
given calculation and the reading of the 
final results. 


To perform its function effectively 
the electronic digital computer hence 
requires, in addition to a group of elec- 
tronic computing units, a set of “fast,” 
electronic, memories, in which an in- 
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termediate result can be stored until 
needed for a later operation, as well as 
a command system on which the com- 
plete sequence of operations to be per- 
formed by the ma hine may be recorded. 
Additional, “slow,” memories, in the 
form of magnetic or_ punched tape, can 
be employed, furthermore, for the stor- 
age of large quantities of information, 
such as tables of functions, which may 
be fed into the fast electronic memories 
on order. 


Much ingenuity has been expended 
in devising satisfactory electronic mem- 
ories. The essential feature of all elec- 
tronic memory devices is the presence of 
elements with two alternative stable 
states which are maintained indefinitely 
unless subjected to new electrical “writ- 
ing” impulses. The Eccles-Jordan trig- 
ger circuit, containing two vacuum tubes 
so connected that, in equilibrium, one 
tube conducts while the other is cut 
off, constitutes such a single element 
of memory. More recent devices, such 
as the cathode-ray tube memory of F. C. 
Williams (3) and the SB-256 tube of 
Rajchman (4), by comparison, utilize 
the properties of the secondary emis- 
sion of insulators to provide several 
hundred such elements (corresponding 
to the storage of an equal number of 
binary digits) in a single envelope. 


The last few years have seen great 
advances in the magnitude, scope, and 
organization of digital computing ma- 
chines. These will unquestionably con- 
tinue and further expand the role of 
electronic methods in science and in 
our economic organization. It may well 
be, however, that electronic computa- 
tion will achieve its greatest triumphs 
through the integration of analogue 
computing devices, with their ability 
to short-circuit extensive numerical cal- 
culations in specific applications, in 
digital computing systems. In fact, it 
seems scarcely thinkable that effective 
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Fic. 3—The SB-256 tube, an eflicient 
electronic memory 


headway can be made with extremely 
complex problems such as are encoun- 
tered in weather prediction unless all 
available techniques are combined to 
best advantage. 


Possibly the most striking demonstra- 
tion of the power of electronics to the 
average man has occurred in the field 
of television. The development of this 
new industry has far outstripped the 
predictions of the most extravagant 
prophets of a few years ago. It requires 
little imagination today to foresee for 
the television set a universality com- 
parable to that of the kitchen range or 
the refrigerator. Numerous articles have 
dealt with the probable effect of this 
new factor on education, social patterns, 
and the economy, and I shall make no 
attempt to add anything to their con- 
clusions. Technically, also, the pattern 
for the future has in large part been 
established for broadcast television, with 
the creation of a sound basis for the 
smooth change-over or side-by-side ex- 
istence of color and _ black-and-white 
television (5). Nevertheless, a host of 
interesting engineering problems whose 
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Fic. 4.—Size reduction and simpli 


the image orthicon and the vidicon 


solution will lead to the simplification 
and improvement of different phases of 
television equipment and _ television 
service remain to be solved and, to judge 
by the recent past, will be solved in 
original fashion. 


There is another aspect of television 
development which has not received, 
and probably will not receive, nearly 
as much attention as broadcast tele- 
vision and which may yet, eventually, 
turn out to be of even greater signifi- 
cance. This is industrial television—the 
utilization of television techniques in 
industry, research, education, commerce 
—in short, in all fields apart from 
broadcasting. The basic industrial tele- 
vision system, in the form of a self- 
contained, cable-connected link incor- 
porating a television camera and a com- 
bined viewing and control unit, enables 
the observer to transfer his vantage 
point to dangerous and inaccessible lo- 
cations ; to view simultaneously several, 
spatially widely separated scenes; or to 
share an intimate view with a large 
number of other observers without mu- 


tual interference. The first condition is 
realized, for example, in the watching 
of carefully shielded radioactive reac- 
tions from a protected point, the check- 
ing of engine performance by a camera 
mounted on the underside of an auto- 
mobile chassis, or the observation of 
the proper filling of the scoops in strip 
mining by a camera placed directly 
above the scoop; the second, by the 
simultaneous observation of indicating 


Fic. 5.—An industrial 
camera and control unit 
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Fic. 6—Television for the classroom: 

industrial television camera mounted on a 
microscope 


instruments at a number of substations 
from a central station; and the third, in 
the watching of surgical operations on 
television receivers linked to a camera 
mounted above the operating table or 
the presentation of microslides at high 
magnification to groups of students; in 
the last instance the microscope image 
is projected directly on the target of 
the pickup tube in the television camera 
and the enlarged image is either viewed 
directly on a home receiver or projected 
on a screen by a theatre projector. 


In all these instances compactness 
and simplicity of the television camera 
is an essential requirement. A great 
step forward in this direction has been 
the recent development of the vidicon 
(6), a highly sensitive television pickup 
tube with a photoconductive target. 
This tube, though only 1 in. in diameter, 
is capable of transmitting high-quality 
television images at moderate light 
levels. Furthermore, the extraordinary 
simplicity of the vidicon simplifies con- 
trol of the camera from a distance: In 
a typical example of present industrial 
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television equipment (7), the control 
unit incorporating a monitoring kine- 
scope is connected by a 500-ft cable 
to the camera. This. cable not only 
transmits the video signals from the 
camera to the kinescope, but, in the 
opposite direction, transmits electric 
power and centering, focusing, and de- 
flection signals from the control unit 
to the camera. 


The small dimensions of the new 
camera tubes also lend themselves well 
to their employment in color television 
cameras transmitting simultaneously 
picture signals for the three primary- 
color components of the picture. Per- 
haps of even greater value in many 
practical applications is the observation 
of objects in three dimensions, made 
possible by the employment of a stereo 
television camera. Here two vidicon 
tubes, with a pair of objectives con- 
trolled by a single focusing movement, 
are mounted side by side. In viewing 
the stereo receiver linked to the camera, 
the eyes of the observer are in effect 
translated to the position of the two 
stereo camera objectives—and, at the 
same time, endowed with the greatly 
increased focusing range or “accom- 
modation”’ of the latter. 


An example where such three-dimen- 
sional observation is particularly valu- 
able is the presentation of surgical 
operations to medical students. Here the 
relative spatial position of the surgeon’s 
tools, the incision, and the organs on 
which the operation is performed is of 
primary importance. The same applies, 
of course, also wherever television is 
employed for instruction in mechanical 
operations. The immediacy and _ flexi- 
bility of television demonstrations as 
compared, for example, with demonstra- 
tions by means of motion picture film 
should render them an exceedingly effec- 
tive aid in the process of education. 


In the development of networks of 
television broadcasting stations we have 
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witnessed the use of micro-wave links 
paralleling that of coaxial cables. In in- 
dustrial television, too, situations arise 
which can only be met by the use of 
such links, even though this materially 
complicates control problems. Examples 
are the transfer of visual information 
from the ground to aircraft and vice 
versa, for example, as an aid to naviga- 
tion, the transmission of scientific data 
from rockets, and the sending of astro- 
nomical information from __ balloon- 
mounted telescopes at a sufficiently high 
altitude to escape major atmospheric 
disturbances. The extraordinary range 
of applications of television is best real- 
ized when it is recognized that tele- 
vision does for the sense of sight what 
radio and the telephone have done for the 
sense of hearing. Insofar as the amount 
of intelligence acquired by the average 
person through vision is incomparably 
greater than that acquired through hear- 
ing, we can safely predict that the 
revolution wrought in our lives by 


television in its various forms may 
materially exceed that brought about 
by the development of means for auditory 
communication. 


As I have already mentioned, the most 
recently developed television pickup 
tube, the vidicon, employs a target con- 
sisting of a photoconductive material, 
that is, a material which conducts elec- 
tric current under the influence of 
light. Employed in a simple photosensi- 
tive cell, such a material does not emit 
free electrons into space and hence does 
not fit into the realm of “electronics” 
in’ the narrower sense. Yet, materials 
from the larger family of the semicon- 
ductors, to which it belongs, are playing 
an increasing role in electronic appara- 
tus—not only as components of tubes 
utilizing electron beams, such as the 
vidicon, but also quite apart from 
vacuum devices in the form of the 
crystal rectifier and the transistor they 
fulfill certain requirements previously 
met only by vacuum tubes. 


Whereas, at present, there is little 
reason for expecting wholesale replace- 
ment of vacuum tubes by their semi- 
conductor equivalents — certain basic 
shortcomings of the latter militate 
against this eventuality—the crystal ele- 
ments will not only find increasing use 
in specialized apparatus where compact- 
ness is of primary importance but also 
be incorporated more and more into 
the design of more conventional elec- 
tronic equipment. Here also the trend is 
toward compactness, as exemplified by 
the increasing use of printed circuits. 
In this connection the crystal diodes 
and triodes represent but One phase of a 
constant search for improved compo- 
nents for electronic apparatus. From an- 
other point of view, the intensive pre- 
occupation with the properties of the 
solid state, which has led to their dis- 
covery and development, is creating a 
fund of knowledge which has already 
borne rich fruit in the development of 
efficient phosphors, ferromagnetic ma- 
terials, and crystal counters. This is 
bound to contribute materially not only 
to the electronic industry, but all other 
industries as well, and to supply effective 
new tools for scientific investigation. 
Whatever the future of electronics may 
be in the ensuing half century, it is cer- 
tain to profit from fundamental re- 
search as it has in the past and to repay 


Fic. 7.—Stereo television camera for 
conveying three-dimensional images 
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its debt generously in the form of in- 
struments and methods to carry out the 
tasks of research. 


In the past half century electronics 
has demonstrated its ability to annihi- 
late distance for both sound and sight. 
In countless ways it has aided human 
safety and relieved man of routine 
efforts. To the scientist it has proved 
itself an indispensable aid in research. 
No prophet is needed to state that, in 
the future, the application of electronics 
in these fields will be even wider, its 
usefulness even greater ; more than that, 
as the past amply shows, no prophet 
can have sufficient imagination to pre- 
dict, at the present time, just what 
forms these further applications, this 
increased usefulness may take. Yet one 
thing is certain: In the future as in the 
recent past electronics will cooperate 
with the other branches of science and 
technology to achieve the satisfaction 
of physical needs, the extension of hu- 
man knowledge, and the freeing of 
man’s spirit for creative effort. 


ELECTRONICS 


REFERENCES 


Fic. 8.—Stereo television receiver : polaroid 

screens in front of the two viewing tubes 

and in front of the eyes of the observer 
make one image visible to each eye 


(1) A. B. Macnee, “An Electronic Differential Analyzer,” MIT Research Lab. 
of Electronics, Tech. Rep. No. 90, Cambridge, 1948. 


(2) E. A. Goldberg and G. W. Brown, “An Electronic Simultaneous Equation 
Solver,” J. Applied Phys., Vol. 19, pp. 339-345 (1948). 


(3) F. C. Williams, “A Storage System for Use with Binary-Digital Computing 
Machines,” J. Inst. El.. Eng., Vol. 96, pp. 81-100 (1949). 


(4) J. A. Rajchman, “The SB-256 Memory Tube,” to be published in RCA Review. 

(5) RCA Laboratories Division, “A Six-Megacycle Compatible High-Definition 
Color Television System.” RCA Review, Vol. 10, pp. 504-524 (1949). 

(6) P. K. Weimer, S. V. Forgue and R. R. Goodrich, “Vidicon—Photoconductive 
Camera Tube,” Electronics, Vol. 23, pp. 70-73, May, 1950. 


(7) R. C. Webb and J. M. Morgan, “Simplified Television for Industry,” Elec- 


tronics, Vol. 23, pp. 70-73, June, 1950. 


asic 
1 
q 
also 
into 
by 
odes 
dis- 
eady 
it of 
ma- 
is is 
only 
other 
ctive 
ition. 
may 
| re- 
for 
ges 


TRANSPORTATION 


FUTURE DEVELOPMENTS 
IN TRANSPORTATION 


1951. 


ACKNOWLEDGMENT 


This article by CHARLES F. KETTERING of the General Motors Corporation is 
one of a series contained in the symposium “Science and Tomorrow,” printed i in 
the 125th Anniversary Issue of the “Journal of the Franklin Institute,” January 


In considering future developments 
in the field of transportation, it is only 
natural to focus attention upon the auto- 
mobile; for, at least in this country, 
people travel far more miles by auto- 
mobile than by all other forms of trans- 
portation combined. We obtain a little 
greater appreciation of the tremendous 
amount of motor vehicle travel when 


Now for me, or any other man in 
the automobile business, to predict spe- 
cifically what the motor car of the future 
will be like, what changes will be made 
in each part of the engine, what kind 
of transmission, rear axles, etc., the 
future cars will have is obviously an 
impossibility. I can tell you, however, 
that the car of the future will be better 
than the cars you see today, because 
it is impossible for an industry as great 
as the automobile industry to stand still. 
If a committee of experts selected the 
most advanced model and put it in a 
glass case to protect it from wear, that 
car would be just as much out of date 
ten years from now as a ten-year-old 
car is today. 
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we note that annual passenger car mile- 
age is about 330 billion miles, as com- 
pared to 0.5 billion for passenger trains 
and 0.4 billion for our domestic airlines. 
From past experience, it appears that 
this figure of 330 billion is merely a 
transient point on a curve which as yet 
shows no sign of leveling off. 


One feature of the automotive busi- 
ness not always recognized by the pub- 
lic is its relationship to progress in 
other fields. The automobile isn’t simply 
the product of a single industry—it is 
the product of many industries. It moves 
ahead as the result of new discoveries 
and developments in the rubber indus- 
try, in the steel industry, and in the 
petroleum industry. It moves ahead as 
the roads you drive on improve, or as 
the manner in which the public wants 
to use this piece of transportation ma- 
chinery changes from year to year. 


Basically, the automobile of the future 
will be whatever the public that uses it 
wants it to be, limited only by the 
ability of the industry’s hard-working 
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scientists and manufacturers. Each 
technological advance permits us to in- 
corporate more new features and ideas 
into the product; the customer then 
indicates which of these features will be 
retained. This has been true since the 
inception of the automotive age, and 
will continue so long as the industry 
is free to retain its present highly com- 
petitive nature. 


Today’s automobiles perform as they 
do largely because the customer has 
selected this particular combination of 
features. Why can’t we build cars to 
give 50 miles per gallon? The answer is 
that we can. But we couldn’t sell them, 
because today’s motorist demands more 
acceleration, higher speed, and greater 
riding comfort than can at present be 
incorporated into such a vehicle. Each 
manufacturer is striving to provide that 
combination of performance, fuel eco- 
nomy, handling and riding qualities, and 
initial cost which will be most attrac- 
tive to the buyer. All of which comes 
back to the fact that the manner in 
which the buyer wants to use his car 
determines how it will develop in the 
future. 


With these general thoughts in mind, 
we may wish to take a little closer look 
at the situation and see what conclu- 
sions might be drawn from our previous 


experience. 


Car Performance—In the first place, 
it seems unlikely that top speeds will 
be increased to any great extent. Most 
of us can recall when one of the first 
questions the prospective buyer put to 
the salesman was “How fast will she 
go?” We seldom hear this question now, 
and the fact that today’s cars will go 
about as fast as most people want them 
to is confirmed by comparing the present 
maximum speeds to those of ten years 
ago. Such a comparison reveals that the 
1940 models had substantially the same 
top speed as those of 1950, the increase 
being less than 5 miles per hour in 
most cases. 
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The trend toward better acceleration 
and hill climbing ability which was 
quite pronounced prior to 1940, has 
leveled off during the past ten years. 
Part of this leveling off was due to 
lack of further development during the 
war; another factor was an increase 
in car weight, which served to balance 
out the improvement in performance 
which would otherwise have been ob- 
tained. The new-car buyer is keenly 
aware of car performance, and we will 
probably see some increase in this qual- 
ity in the cars of the future. However, 
a few of our present vehicles already 
have sufficient power to spin the rear 
wheels on concrete, and it is unlikely 
that the performance of these cars will 
be increased to any great extent. Other 
models with smaller engines will con- 
tinue their trend toward more power, 
but even these cars will feature in- 
creased fuel economy. 


High Compression Engines—As in- 
dicated previously, performance and 
fuel economy are opposing factors, and 
optimum conditions for one are achieved 
only at a sacrifice of the other. How- 


. ever, any increase in over-all efficiency 


may be used to improve either or both 
of these quantities. Now there are many 
things which may eventually be per- 
fected so as to give us greater efficiency, 
but the most important, and the one 
most likely to yield the greatest future 
gains, is the engine. These gains will 
be obtained by using engines having 
higher compression ratios. 


Engineers have long known that the 
key to higher efficiency in internal com- 
bustion engines is in increasing the 
compression ratio. In the past, attempts 
to utilize this important principle in 
spark ignition engines were largely 
limited by the quality of the fuel avail- 
able. As a result, the engineer has been 
able to increase compression ratios only 
as rapidly as the petroleum industry 
could increase the octane rating of their 
gasoline. Past progress is illustrated by 


comparing compression ratios of twenty- 
five years ago to those of today. At 
that time they were about 4.5 to 1; today 
the average compression ratio is 7 to 1. 
This increase was, of course, made pos- 
sible by the development of high anti- 
knock fuels. Coupled with other engine 
improvements, it has enabled today’s 
car owner to save one-third the cost 
of his fuel as compared to the owner 
of twenty-five years ago. This one-third 
better fuel economy saves the public 
over a billion dollars each year. 


The production of high antiknock 
fuels was greatly stimulated by the de- 
mands of our Air Force during the war, 
and it was apparent that fuel quality 
would permit a marked increase in the 
compression ratio of postwar cars. 
However, existing engines were ap- 
proaching the point beyond which fur- 
ther increases in compression ratio 
would be limited by engine character- 
istics rather than by fuel detonation 
problems. Fortunately, our people were 
well aware of this situation, and had 
already set out to do something about it. 


As frequently happens, one of the 


first things we had to do was to dis- . 


prove what some engineers had accepted 
as a basic truth—that it would be im- 
possible or at least impractical to build 
an engine which could operate smoothly 
under the high loads encountered with 
high compression ratios. We felt cer- 
tain, however, that it would be worth- 
while to thoroughly investigate the 
problems and possible benefits of en- 
gines having compression ratios up to 
twice as high as those then in produc- 
tion. 


Our first studies were conducted with 
single cylinder laboratory engines, using 
triptane, a very fine fuel which we pro- 
duced for the government in a small 
scale pilot plant during the war. Trip- 
tane has a knock rating far above 100 
‘octane fuel, and permitted us to run 
our single cylinder engines at com- 
pression ratios in the range of 15 to 1. 
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Out of this single cylinder work came 
sufficient encouraging data to warrant 
building a six-cylinder high compres- 
sion engine for testing in a standard 
production Oldsmobile. Our single cyl- 
inder studies had indicated that a good 
compromise between high compression 
problems and benefits was obtained at 
a ratio of about 12.5 to 1, and this ratio 
was used in designing the new engine. 
Rather conventional design procedures 
were followed except that all compo- 
nents were made more rigid so as to 
carry the higher loads imposed. In ad- 
dition, engine displacement was set at 
a rather low value, so that the developed 
horsepower would be comparable to that 
of a standard Oldsmobile engine. This 
enabled us to present a very practical 
demonstration of its smoothness and 
general performance. 


To do this we used two identical 
cars, one the standard production model 
and the other containing the new en- 
gine, and asked various engineers to 
drive first one car then the other. Since 
each engine had about the same horse- 
power, it was evident that there should 
be no appreciable difference in over-all 
performance. The test would, however, 
reveal any tendency toward roughness, 
sluggishness, or whatever other flaw 
the driver might be expecting to find 
in the new engine. Those who drove the 


car confirmed our statements that the | 


two engines behaved about the same. 


The real progress which the engine 
represented, and which could not be 
observed by test driving the car, was 
its greatly increased fuel economy. A 
check of the constant speed level road 
economy of the two cars showed that, 
under these conditions, the high com- 
pression car gave from 35 to 40 percent 
better economy in miles per gallon than 
the standard car. Although these data 
were important from an engineering 
standpoint, they gave only part of the 
story, because automobiles are not 
driven on level roads at constant speed 
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very much of the time. Approximately 
two-thirds of the gasoline is consumed 
in city driving where a large percentage 
of the operation is transient and requires 
the entire throttle range of the engine. 


In order to determine the economy 
gains under more typical driving con- 
ditions, a number of cross-country 
trips were made in which both cars 
were driven together at the same speed 
through the same traffic. On a large 
number of such trips under widely 
varying road conditions the average 
gain in economy was about 33 percent, 
although under some conditions gains 
approaching 50 percent were obtained. 
Several extended trips made entirely in 
city traffic showed gains of over 40 per- 
cent, which is of major importance in 
view of the large quantity of fuel 
burned under these conditions. 


The important thing to remember 
about all this is that these gains were 
obtained under actual driving condi- 
tions, and that high compression en- 
gines are completely suitable for mass 
production. So this thing of greatly in- 
creased economy through high com- 
pression ratios is not just an imprac- 
tical experiment in a research laboratory. 
These very large gains, which become 
simply enormous when we consider 
the millions of passenger cars manu- 
factured each year, will be available 
to the motoring public as soon as the 
petroleum industry can supply large 
quantities of fuel with a_ sufficiently 
high antiknock value. 


How soon will that be? Well, let’s 
say it all depends. In the first place, it 
depends on the rate at which the oc- 
tane rating of commercial gasolines can 
be increased. Upgrading the fuel is the 
most obvious way of solving detona- 
tion problems, and the public’s current 
interest in and purchase of advanced 
engines requiring the very best fuels 
which are available today have served 
to spark the race among petroleum re- 
finers to develop better fuels. 
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A second consideration is just how 
high an octane rating will be required 
for the satisfactory operation of a pro- 
duction 12 to 1 engine. Fortunately, this 
fuel-engine relationship has two sides, 
and the automotive engineer will be 
able to contribute mechanical octane 
numbers which are just. as effective as 
the chemical octane numbers produced 
by the petroleum industry. For example, 
increasing the compression ratio of a 
certain engine by one ratio (e.g., from 
7 to 1 to 8 to 1) might require that we 
increase the quality of our fuel by 
about eight octane numbers. There- 
fore, if we could take the engine which 
now operates at 7 to 1 on a given fuel, 
and redesign it so that it would operate 
at 8 to 1 on the same fuel, we would 
have built the equivalent of eight chem- 
ical octane numbers into the engine. 
In describing this gain, we say that we 
have added eight mechanical octane 


“numbers to the engine. 


With our previous tests having al- 
ready demonstrated the vast savings in 
fuel costs and natural resources which 
lie just ahead of us, we are working 
hard and making good headway. in locat- 
ing possible sources of these mechanical 
octane numbers. So far it appears that 
the most fertile field is in combustion 
chamber design, and our prospects along 
this line look very encouraging. 


Although we cannot manufacture our 
12 to 1 engines this year or perhaps 
not even next year, we can build engines 
capable of utilizing the best fuel avail- 
able. At the present time there are in 
production three engines, operating at 
about 7.5 to 1 which may be readily 
modified to operate at succeedingly 
higher ratios until they have reached 
the 12 to 1 figure. It seems certain 
that other engines introduced in the 
future will follow a similar pattern, to 
facilitate obtaining the maximum possi- 
ble benefit from the continual tech- 
nological advances of the petroleum in- 
dustry. 
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Automotive Gas Turbines—In the 
last year or so two turbine-driven ve- 
hicles have received considerable pub- 
licity, so it might be well to comment 
on the probable future of automotive 
gas turbines. 


The British Rover passenger car and 
the Boeing truck installations have both 
demonstrated that such vehicles can be 
propelled by gas turbine. This point has 
never been questioned. The question, of 
course, is whether such machines can 
be made competitive with our present 
automobiles and commercial vehicles. 


Among the advantages claimed for 
the gas turbine are high starting ac- 
celeration, the ability to use a wide 
variety of fuels, simplified ignition and 
lubrication, and less vibration due to 
the absence of power impulses. These 
advantages do exist, but in obtaining 
them we inherit several knotty prob- 
lems. 


For example, to obtain the high rate 


of acceleration reported, the driver of — 


the Rover car was required to hold on 
the brakes, run the gas generator up to 
near rated speed (40,000 rpm.) and then 
release the brakes, at which time the 
stop watch was started. The accelera- 
tion from idle (7000 rpm. on the gas 
generator) on the other hand was re- 
ported as being rather slow. Moreover, 
neither the Rover nor the Boeing en- 
gine has a power unloader or neutral 
position. This is equivalent to having 
an automatic transmission locked in the 
drive position at all times. The addition 
of an unloader or by-pass between the 
gas generator turbine and the power 
turbine is not impossible, but will cer- 
tainly result in a more complicated con- 
trol system. 


One of the most serious limitations 
is the fuel consumption of these units. 
Although they will operate on kerosene 
or diesel oil, present consumption is 
more than twice that of a piston engine 
of equivalent power. It is expected that 


this will be improved through the use 
of regenerators, which will, however, 
complicate the space problem. The basic 
turbine is generally a small, compact 
unit, but the installed turbine with its 
bulky ducting is not a space. saver. 


Further handicapping the turbine for 
vehicle use is its high idle fuel con- 
sumption, since it appears that the auto- 
motive gas turbine may be expected to 
use one-fifth as much fuel at idle as it 
would at full throttle. There does not 
appear to be any ready solution for 
this problem. 


Another difficulty is the lack of brak- 
ing power provided by the turbine. 
Lifting the accelerator pedal gives a 
free-wheeling sensation at high speed, 
indicating that present-day brakes would 
have to be markedly improved or some 
auxiliary braking system developed. 
Similarly, intake and exhaust noise 
would have to be reduced without using 
overly large silencers. These problems 
are not insurmountable, but serve to 
emphasize the many related or side 
problems created by the turbine char- 
acteristics. 


Work in the turbine field is progres- 
sing rapidly, and although it seems 
unlikely that turbines will be used to 
drive cars and trucks in the foreseeable 
future, no one can say it is impossible. 
Should future developments make the 
turbine competitive, it will almost cer- 
tainly first appear in trucks and busses, 
since functional design can be carried 
out to a greater degree in these instal- 
lations. 


Perhaps we may best sum up the 
turbine’s future in road vehicles by 
suggesting that it may one day sup- 
plement diesel and gasoline engines but 
is not likely to replace them. In each 
case the turbine must prove that it is 
not only equal to but is better than the 
engines which are now providing such 
dependable service. 
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Other “New” Engines—Today, as al- 
ways, a few people are experimenting 
with other engines markedly different 
from those now in use. Some of these 
designs incorporate relatively new ideas, 
while others attempt to make practical 
designs previously discarded as un- 
workable. However, we do not expect 
the present poppet valve reciprocating 
engine to be replaced for many years 
to come. Its compression ratio will de- 
finitely be increased; no doubt further 
refinements will appear in carburetors, 
ignition systems, head design, mani- 
folding, etc. But the basic operation of 
the automotive engines of the next 
fifteen to twenty years will probably be 
the same as those of today. 


Most of us have relatively infrequent 
contact with the railroads, so it is only 
natural that we are more aware of 
progress and changes in automobiles 
than of advances in rail transportation. 
However, almost any improvement in 
railway equipment is certain to benefit 
all of us, irrespective of the number of 
trips we make, for how many things 
which we use each day have not at one 
time or another been transported over 
the rails which serve to integrate the 
various segments of our complex eco- 
nomic system ? 


Today the railroad industry is in the 
intermediate stages of a truly remark- 


Year Steam 
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RAILROAD TRANSPORTATION 


STEAM AND DIESEL LOCOMOTIVES IN SERVICE—CLASS I RAILROADS 


Automatic Transmissions—Certainly 
the most revolutionary change in the 
industry in many years has been the 
recent widespread adoption of com- 
pletely automatic transmissions. The 
first of these transmissions was intro- 
duced in 1940, but, largely because of 
the war and the attendant reconversion 
problems, there were still relatively few 
on the road at the end of 1947. About 
that time other manufacturers began 
to offer this driving convenience, and 
at present automatic transmissions are 
being produced at the rate of well over 
one million per year. This figure is still 
rapidly increasing, and it is likely that 
within five years a large majority of 
all cars sold will be so equipped. 


able technical revolution—the replace- 
ment of the steam. locomotive by the 
diesel-electric. I say “remarkable” with 
reason, for in less than fifteen years 
after its introduction, the high-speed 
diesel obsoleted an engine which had 
been used and perfected for more than 
a century. Part of the rather spectacu- 
lar story of the diesel locomotive is told 
by the figures in the following table. 
These statistics appeared in the May, 
1949, issue of Diesel Power and Diesel 
Transportation, and show the number 
of each type locomotive in service, by 
years, for Class I railroads (Class I 
roads are those with an annual gross 
revenue of over $1,000,000). 


Diesel 
1929 56,936 22 
1939 41,117 510 
1943 2125 
1947 35,108 5772 
1949 32,613 7201 
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It should be pointed out that the 22 
diesels in service in 1929 were old style 
cumbersome engines, saddled. with the 
same high weight-to-horsepower ratio 
which had always severely limited ap- 
plications of the inherently efficient 
diesel. We had begun to work on this 
weight problem about 1928, and by 
1934 had developed an engine which 
found quick application in the first light 
weight streamlined diesel locomotive, 
the Burlington Pioneer Zephyr, whose 
maiden run in April of that year was 
to usher in the development of a com- 
pletely new industry. 


Little more than a month after its 
inaugural run, the Pioneer Zephyr gave 
a spectacular demonstration which fore- 
told the shortened schedules soon to 
appear on the main line routes. This 
was the now famous Dawn-to-Dusk 
run, in which the Zephyr clipped nearly 
13 hours from the fastest scheduled 
steam time between Denver and Chi- 
cago. Since that time, the fast schedules 
and punctuality of diesel passenger 
service have become familiar to all of 
us, and these shortened schedules in 
themselves might well have been suffi- 
cient reason for the adoption of this 
new power source. 


Not so widely appreciated, but even 
more important, is the improved oper- 
ating economy of the diesel. The over- 
all thermal efficiency of this engine is 
in the order of 32-38 percent, whereas 
the simple steam engine has an efficiency 
of about 6 percent. Although diesel fuel 
is more expensive on a BTU-per-dollar 
basis, the marked difference in engine 
efficiencies permits the diesel to oper- 
ate with a fuel cost of a little more than 
half that of the steam engine. Further 
savings result from reduced mainte- 
nance costs, modern diesels requiring 
far less attention than do their steam 
counterparts. 


Consequently, the immediate future of 
railroad transportation may be summed 
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up in two words—further dieselization. 
Today there are on order no steam pas- 
senger locomotives and only a very few 
steam freights and switchers, these 
orders having been placed largely for 
reasons other than the performance and 
operating cost of the engines themselves. 
The greatly reduced operating cost of 
the diesel is encouraging the railroads 
to accelerate the replacement of their 
present steam engines to the greatest 
extent possible, and already a few roads 
have become completely dieselized. It is 
at this point that still more savings are 
effected, with the elimination of water 
columns, pump stations, coaling sta- 
tions, and other costly supporting serv- 
ices. For example, one road, now com- 
pletely dieselized, had been spending 
$70,000 per year in fire claims and in 
maintaining fire patrols to combat grass 
fires caused by steam locomotives. More- 
over, the higher availability of the diesel 
engine permits a fully dieselized road to 
operate with fewer locomotives. The 
greater availability of the diesel is ap- 
parent from the preceding table, which 
shows that 7000 diesel locomotives have 
replaced 24,000 steam engines during 
the last twenty years, in spite of a 50 
percent increase in both passenger miles 
and ton-miles of freight during this 
same period. Still other economy factors 
are a reduction in locomotive water re- 
quired, and a saving in track main- 
tenance expense, since diesels are known 
to cause less damage to road beds and 
trackage than do the reciprocating 
steam engines. 


The Diesel Rail Car—It is fortunate 
for the railroads that the diesel was 
freed of its weight shackles as early as 
it was, for it has been the speed, cleanli- 
ness, and comfort of the diesel stream- 
liners which have enabled the railroads 
to compete with other forms of modern 
transportation. Although the main line 
passenger runs are, in general, profitable 
operations, the industry has for many 
years reported a large number of local 
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or short line runs in red ink. This 
deficit has been largely the result of 
high operating expenses and few pas- 
sengers. But a new application of the 
diesel engine—the diesel rail car—in- 
troduced in May, 1950, gives promise of 
switching these annual losses to the 
profit side of the ledger. 


Of course, rail cars aren’t new at all, 
having been used even before World 
War I, but heretofore no one had built 
one using a modern streamlined car and 
modern diesel engines. The two new air- 
conditioned units now serving New 
England commuters are a far cry from 
the old distillate-burning rail cars, and 
a refreshing improvement over the 
dingy, rattly coaches serving many com- 
muters today. 


The technical features of this com- 
pletely self-contained one-car train are 
of interest in that new techniques are 
employed in order to insure satisfac- 
tory performance. Subway-type electric 
controls regulate twin 275-horsepower 
diesels, whose power is transmitted to 
the wheels through specially designed 
hydraulic torque convertor transmis- 
sions. The*cars may be operated singly 
or in multiple. Four types of interior 
arrangement are available to satisfy 
various passenger-baggage require- 
ments, thus giving. additional service 
flexibility. Top speed is 83 mph., with 
most efficient operation obtained at 
about 70 mph. 


How successful the diesel rail car will 
be is still a debatable question, but its 
qualities seem to fit the type of service 
for which it was designed very well. 
The previously discussed operating ad- 
vantages of diesel locomotives likewise 
hold true for the rail cars, and the 
relaxation permitted by the pleasant, 
comfortable surroundings should prove 
most attractive to the traffic-conscious 
suburbanite, as well as to other short- 
distance travelers. 


Railway Gas Turbines—As in the 
case of the automotive industry, there 
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has been considerable speculation as to 
the applicability of the gas turbine to 
the railways. The simplicity of the tur- 
bine plant (which, if perfected, could 
mean long periods between overhauls), 
coupled with its ability to use very low 
grades of fuel, have been strong:selling 
points for the expenditure of millions 
of dollars for further turbine research 
and development work. Already a 4500- 
horsepower gas turbine-electric locomo- 
tive has been built and subjected to 
hundreds of hours of laboratory tests, 
and is now providing operational data 
by serving as a freight locomotive on 
one of our western roads. 


Many of the limitations which handi- 
cap the turbine for automotive service 
are also encountered in railway appli- 
cations. For instance, the inherently 
low thermal efficiency of the turbine is 
an ever-present stumbling block, the 
greatest hope for improvement in this 
respect resting in the hands of the metal- 
lurgist. No doubt improvement in de- 
sign can help somewhat, but the develop- 
ment of better alloys—thus permitting 
operation at higher temperature—seems 
to be the key to higher efficiencies. 


Another condition common to both 
automotive and railway power plant 
operation (and one that is a headache 
to the turbine designer) is the large 
amount of part-load operation involved 
in each case. In comparing the load vs. 
efficiency curves of the two engines, we 
find that the diesel’s efficiency is fairly 
constant over a large range of load, 
whereas that of the gas turbine tends to 
peak up rather sharply at one par- 
ticular load. This, of course, comes back 
to what we have previously mentioned 
in connection with automotive usage of 
the turbine; that is, the turbine’s fuel 
consumption at light load is a large 
part of its full-load requirement. The 
seriousness of this drawback will natur- 
ally vary with each particular railroad 
application, obviously being greatest in 
switching and mountainous operation. 
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In looking into the future of the gas 
turbine, we should always keep in mind 
the need to correlate power plant char- 
acteristics with those required by the 
job. The characteristics of the ideal 
railroad engine are approximated to a 
much greater degree by the diesel engine 
than by the gas turbine. Consequently, 
if the turbine is to come into widespread 
use, it must become so attractive from 
a maintenance and low-cost fuel stand- 
point that the railroads will be willing to 
accept the natural limitations of the 
turbine proper. In this connection, I 
might point out that the railroad diesel 
enjoys its present dominant position be- 


cause it represents a very great improve- 
ment over the steam engine. Had this 
improvement been only moderate, it is 
highly unlikely that the railroads would 
have abandoned their then-satisfactory 
steam locomotives and have made the 
extensive maintenance and operational 
changes necessitated by the adoption of 
a completely new locomotive. Today, it 
is difficult to foresee the gas turbine 
offering a similarly great improvement 
over the diesel engine, and it is evident 
that the railroads are not going to be 
faced with demands for an extra fire- 
man on gas turbine locomotives for a 
long, long time. 


SUMMARY 


Nearly all prognostigators, from the 
fellow who buys a $2 ticket on Blue 
Boy to the financial policy-makers of 
government and business, base their 
final conclusions upon past experience. 
Properly tempered (and herein lies the 
success or failure of the prophet), this 
is a completely logical procedure, and 
is especially applicable to engineering 
trends, for most of our technical prog- 
ress has been achieved through a proc- . 
ess of evolution. 


Thus, one of the best ways to gain an 
insight as to the direction in which 
we're going is to note our present posi- 
tion and to review how we reached it. 
In the preceding discussion, I have tried 
to cover a few specific phases of our 
transportation future in just this fashion, 
in order to emphasize that we can ex- 
pect tomorrow further applications and 
extensions of the things we are work- 
ing with today. 
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. fire- The author of this article is WALLAcE R. Brope of the National Bureau of 
for a Standards. The paper is one of a series comprising the symposium “Science and 
Tomorrow,” published in the 125th Anniversary Issue of the “Journal of the 
Franklin Institute,” January 1951. It discusses future trends in materials. 


INTRODUCTION 


In his presidential address before the 
American Chemical Society meeting, 
September 9, 1950, Dr. Ernest H. Vol- 
wiler discussed the difficulties involved 
in making predictions of the future 
in science. 


Dr. Volwiler said, “Of prophecy I 
shall be most cautious, for the affairs 
of man lack the rigid controls which 
one can apply to a scientific experiment 
in the realm of inanimate chemical or 
physical reactions. Where the research 
scientist himself becomes a part of the 
experiment he is seeking to perform, we 
know all too well the great variation and 
the unpredictability of the results. So 
it is with the world where all living 
men are part of the gigantic, ever- 
changing experiment we call civiliza- 
tion.” 


He also quoted from the American 
Chemical Society presidential address 
of Dr. Harvey W. Wiley some fifty 
years previous, in 1901, in which Dr. 
Wiley, in his address on the “Dignity 
of Chemistry” undertook to predict the 
state of the science in chemistry in 
1976 (which year would mark the cen- 
tennial celebration of the American 
Chemical Society). 


Dr. Wiley considered in his prophe- 
cies the material and population situa- 
tion and changes expected in the fol- 
lowing 75 years. To the extent that a 
mathematical calculation of reasonable 
certainty could be made, it is obvious 
that some of his predictions are reason- 
ably accurate, but where the mind of 
man could influence the normal course 
he was often wrong, sometimes to the 
extent of overoptimism and sometimes 
he underguessed to the extent that 
what he predicted for 1976 took place 
in 1926 and now we are many times 
beyond the original estimate. 


Dr. Volwiler has pointed out that there 
are often extensive errors of markedly 
over and underestimating in scientific 
forecasts, “for where basic fundamental 
knowledge is at hand the application 
of that knowledge has the tendency to 
come faster than one may anticipate. 
Where the basic facts of a given field 
are not at hand, however, forecasts fre- 
quently become fantasy and often take 
far longer than one might predict.” 


Among the predictions of Dr. Wiley 
was that this country should have a 
population of 225 million, which will 
probably be reasonably near correct 
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considering the increase in the past 50 
years. This, however, was something 
that could be extrapolated from known 
previous data with only little chance of 
an appreciable error. Dr. Wiley felt 
that by 1976 this country would have an 
annual governmental budget of $4,000,- 
000,000—which he greatly underesti- 
mated—and that there would be at least 
10,000 members in the American Chem- 
ical Society. Actually there are now, 
after 50 of the 75 years have elapsed, 
over 60,000 members. This enormous 
growth of science beyond the predicted 
or expected growth is the cause of our 
concern about exhaustion of available 
material and the anticipation with which 
we now look fer new and almost un- 
dreamed-of materials. 


It would appear from experience 
with earlier prognostication that there 
are three types of predictions: (a) those 
which are reasonably obtained by ex- 
trapolation from data in the past and 
present; (b) those which are normally 
of type (a) but are disturbed or dis- 
torted by the unpredictable factors of 
the future; and (c) those which are 
essentially the results of unpredictable 
factors and bear little or no relation 
with existing procedures or knowledge. 


Population changes are obviously an 
example of the first (a) predictable 
changes. Numbers of scientists working 
in a given field are examples of the 
second (b) type where there is a known 
expectation coupled with expected ex- 
pansions or contraction due to the un- 
predictable demands. Such developments 
as atomic energy, television, jet planes, 
and metallic aluminum are examples of 
the third type (c) where sufficient data 
were not available at the time of predic- 
tion to have made even an approximate 
estimate of future conditions. In our 
discussion of materials we will make 
some attempt to consider predictions in 
the (a) and (b) groupings as indicated 
above. 
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Material shortages in both war and 
peacetime have emphasized the need 
for conservation of our resources and 
the development of new or substitute 
synthetic materials. Shortages of such 
simple and important materials as water 
and iron have begun to affect markedly 
our planning and economy. Efficient 
utilization or recyclization of materials 
into our system of usage may alleviate 
the shortage but this is not sufficient in 
many cases, and we must seek substi- 
tutes and synthetic products to take the 
place of diminishing natural resources. 


The many directions in which our 
modern technology has tended to grow 
and develop make it exceedingly difficult 
to predict the materials of the future 
except by extrapolation of recent de- 
velopment. We must, however, definitely 
eliminate the feeling that still exists in 
many areas that natural products are 
superior to synthetic products. In gen- 
eral we have been able to improve on a 
great many substances which are con- 
sidered “natural” and there is some 
difficulty in differentiating between syn- 
thetic and processed materials. 


We may expect that materials of the 
future will be gradual improvements of 
the existing materials through continued 
research in production or development, 
or radical departures from our existing 
material due to shortages or discovery 
of better substances. We may expect 
that modern research methods will pro- 
vide a continuous supply of new ma- 
terials and that fantastic predictions 
made now as to future materials will in 
time to come appear to be ultraconserva- 
tive. 


As an example of the change of ma- 
terials, one might consider the changes 
in optics produced by new lens materials 
—-plastics have provided precision cast- 
ing with optical surfaces for lenses, 
prisms and gratings. A recent announce- 
ment indicates that synthetic sapphire 
has been produced in size and quantity 
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sufficient to produce motion picture 
camera lenses. The sapphire is water- 
clear in appearance, has a high index 
of refraction and a low dispersion which 
permits lens production with a minimum 
of necessary correction for color and 
lens curvature. Its hardness guarantees 
a continued lens surface of satisfactory 
clarity; in fact the finished lens could 
be cleaned with steel wool with as little 
abrasion as our present day glass lenses 
receive from an application of soft lens 
tissue. 


Synthetic mica has recently been suc- 
cessfully produced at the National Bu- 
reau of Standards; other laboratories 
have also indicated work on this and 
other similar insulating materials. The 
economy of nations has often been dis- 
turbed by new material substitutes— 
such as the effect of nylon and rayon 
on Japan, and some consideration must 
be given to the influence of a synthetic 
mica or mica substitutes upon the econ- 
omy of India where natural mica has 
been one of its principal industries. 
India has in previous years had its 
economy disrupted by the development 
of synthetic indigo and alizarin. We 
recognize that the perpetuation of the 
old order of supply and material by 
propaganda of superiority of natural 
products over synthetic, as well as by 
legislation and trade treaties is not con- 
ducive to the general world advance- 
ment and an acceptance of a change in 
national economy and industry to con- 
form to progress is often essential. 


Our consideration of the materials of 
the future must be predicated on the 


present change in materials and an ex- 
trapolation along the general direction 
they are taking. We will briefly consider 
some of today’s material advances in 
inorganic, metallurgical and organic 
substances so as to effect this perspec- 
tive of the future. 


Magnesium may be expected to be in 
a reasonably steady supply for a long 
period to come, due to methods of pro- 
duction from the nearly limitless quan- 
tities of sea water, and in a like manner 
bromine, which is also extracted from 
sea water, will be in constant supply. 
Other materials such as iron and petro- 
leum seem to oscillate in apparent sup- 
ply as a result of a demand rate which 
appears to be depleting the reserves on 
one hand and on the other hand the 
discovery of new deposits, such as the 
iron deposits in Labrador and Vene- 
zuela, which change the apparent critical 
balance of resources and demand. The 
development of new uses and applica- 
tions of materials may markedly change 
the supply condition. Beryllium supplies, 
for example, were seriously threatened 
by the sudden demand for beryllium type 
phosphors in fluorescent light, but as 
often occurs in such cases, the con- 
tinued research of scientists provided 
sufficient or better substitutes which 
did not use beryllium and the toxic 
properties of beryllium which had not 
been seriously considered until this wide 
commercial application, have together 
led to almost complete elimination of 
these phosphors and the conservation of 
this element for other specialized appli- | 
cations. 


GLASS AND SYNTHETIC CRYSTALS 


Glasses which are photo-sensitive and 
electrically conducting have recently 
been developed. Important progress is 
also being made in the less obviously 
significant optical glasses. Glasses com- 
posed of the rare earth oxides, phos- 
phates, fluorides, and even sulfides, sele- 


nides and other non-oxides are being 
actively investigated to discover com- 
binations that will afford highly desir- 
able properties such as high refractivity 
with low dispersivity, or high transmis- 
Sivities outside of the visible region. 
Modern fundamental research on the 
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constitution of glass has given extremely 
valuable assistance to this strictly de- 
velopmental_ job. 


There is a growing demand for large 
discs and lenses with very stringent 
requirements for optical quality. Large 
windows for supersonic wind tunnels 
are needed so that accurate observation 
of shock patterns and flow lines can be 
made by the “schlieren” and interfer- 
ometer methods. Large lens elements 
for aerial photography, photogram- 
metry and for special astronomical ob- 
servation are sorely needed. The trend 
in production is away from the conven- 
tional clay-pot melting toward the small 
continuous tank with non-corrodible re- 
fractory lining. In this way contamina- 
tion of the very pure batch materials 
is avoided and uniformity of glass com- 
position is assured by adequate stirring 
of the molten materials during passage 
through the tank. 


Mention has already been made of the 
production of synthetic sapphire and 
mica. As often happens, the synthetic 
production can be controlled or varied 
so as to produce superior material as 
compared with the natural product. The 
synthetic mica has been shown to be 


As in other branches of technology, 
the most spectacular material advances 
in the field of the non-metallic, inor- 
ganic mineral products have been those 
related to communication, transporta- 
tion, and ordnance. 


In pottery and porcelain, the two 
notable contributions have been, (1) the 
development of ceramic capacitors of 
high-dielectric constant and low power 
loss for very compact radio and radar 
installations, and (2) oxide porcelains 
extremely resistant to high temperatures 
and thermal shock for use as turbine 
blades and flame throats in jet and 
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superior to natural mica in its resistance 
to high temperature effects. 


Synthetic asbestos will certainly be a 
product of the near future and the com- 
mercial production of crystalline rock 
salt, sylvite, fluorite, quartz, and thal- 
lium halide crystals of considerable 
size and clarity have opened up new 
fields of physical research and optics. 
Synthetic crystals of Rochelle salts and 
other materials have formed the basis 
of our controlled frequencies in radio 
transmission. 


Synthetic titanium dioxide crystals, 
while not as hard as the natural dia- 
mond, possess nearly equal brilliance. 
Their application has principally been 
in jewelry, but in view of the easily 
available raw material it is certain that 
it will become an important optical ma- 
terial of the future. We may expect 
many new inorganic combinations in 
the form of synthetic crystals and amor- 
phous glasses which will have important 
research and industrial uses in the 
future. 


Barium titanate crystals in thin wafer 
form show remarkable electrical proper- 
ties under stress, which have provided 
the basis for new microphone and record 
player sensitive elements. 


rocket motors. The very remarkable 
dielectric properties of some of the 
titanates of the alkaline and rare earths 
are being utilized for capacitors by an 
ingenious combination of extremely thin 
discs, each disc varying slightly in 
composition so that the whole provides 
a material with a high dielectric con- 
stant over a wide temperature range. 
A combination of refractory oxides pre- 
pared by the National Bureau of Stand- 
ards consisting of a large percentage 
of beryllium oxide with smaller amounts 
of alumina, zirconia and lime showed 
such promising properties in the labora- 
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tory that its fabrication into turbo-jet 
blades was sponsored by NACA and in 
full-scale test on a test stand showed 
by far the greatest potentiality for use 
of any ceramic blade developed to date. 


The increased demands for power in 
jet, rocket and internal combustion en- 
gines have called for operation at higher 
temperatures. Metals for such installa- 
tions must not only have the toughness 
and strength but must also have the 
high melting point necessary. Unfor- 
tunately, the metals available in the re- 
quisite quantities necessary, notably 
molybdenum, are highly susceptible at 


Lightweight concretes are now being 
made by three different methods. The 
most widely used method is that of 
substituting lightweight aggregates for 
the more common aggregates, sand, 
gravel, and crushed stone. A lightweight 
material may also be made by whipping 
air into mixtures containing surface- 
active agents such as soaps, resins, or 
detergents, in an amount usually rang- 
ing between 0.001 to 0.002 percent by 
weight of the concrete. For structural 
concretes the optimum amount of the 
entrained air ranges usually from 3 to 
6 percent of the volume of the concrete. 
Mixtures of cement and water contain- 
ing these agents may be used alone or 
in combination with aggregates. The 
third method of producing a lightweight 
concrete is by the introduction of ad- 
mixtures which react chemically to 
produce a gas. Powdered metallic alu- 
minum is used most often since it reacts 
readily with alkalies to produce hydro- 
gen which causes a marked increase in 
the volume of a cement-water mixture. 


Lightweight concretes suitable for use 
as a load-bearing material usually are 
made with such lightweight aggregates 
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operating temperatures to oxidation 
and other forms of corrosion. By re- 
search work at the National Bureau of 
Standards the principle of successful ap- 
plication of a ceramic protective coat- 
ing has been indicated and the protec- 
tive coating itself has been successfully 
developed and applied. The coating is a 
metal-ceramic combination. During 
heating to cement the coating to the 
base metal, the metal powder incorpo- 
rated in the mixture is welded by diffu- 
sion to the base metal, providing a firm 
and very adherent intermediate layer. 
An additional all-ceramic outer layer 
provides additional protection. 


as expanded clay, shale, slate or blast- 
furnace slag. These concretes have com- 
pressive strengths usually between 1000 
and 6000 psi. They weigh one-third to 
two-thirds as much as dense aggregate 
concretes and their thermal conductiv- 
ities are from one-fourth to one-half as 
much. The use of the air-entraining 


‘agents improves the workability and 


homogeneity of the concrete and _ in- 
creases many fold its resistance to the 
action of freezing and thawing. Much 
of the concrete pavement built during 
the past 10 years was built with aerated 
concrete. 


The use of such lightweight aggre- 
gates as perlite and vermiculite in lieu 
of the heavier aggregates makes possi- 
ble the production of concretes weigh- 
ing as little as one-fifth the weight of 
ordinary concrete and having thermal 
conductivities less than one-tenth that 
of dense aggregate concrete. 


The development of prestressed con- 
crete resulted from an effort to over- 
come the basic shortcomings of concrete, 
viz., low tensile strength, low extensi- 
bility, plastic flow under sustained loads 
and shrinkage due to drying. In pre- 
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stressed concrete, external forces fur- 
nished by the prestressed reinforcement, 
compress the concrete in those zones 
where tensile stresses are anticipated; 
these external forces also overcome the 
effects of shrinkage and plastic flow by 
virtue of the prestress in the concrete. 
Prestressed concrete can thus be re- 
garded as a material quite distinct from 
ordinary reinforced concrete, since it 


Many of the recent significant de- 
velopments in the field of materials 
have been brought about by the necessity 
of meeting shortages in those common 
industrial materials that have been 
known for so long .and used for so 
many purposes that they are commonly 
taken for granted. Leather—man’s old- 
est industrial product—is no longer 
available in quantity adequate to supply 
the multitudinous purposes for which 
it has been or might be used. Many of 
these applications are now being served 
as well or even better by other mate- 
rials such as rubber, textiles, paper, or 
plastics, but there are still applications 
for which leather is in demand in quan- 
tities in excess of the available supply. 
One of these applications is sole leather 

‘currently needed for footwear. 


Investigations at the National Bureau 
of Standards are currently being di- 
rected toward alleviating this shortage 
by impregnating the leather.with rubber 
and related polymers so as to increase 
markedly the durability of the soles and 
also to permit the use of grades of 
leather for soles not hitherto suitable 
for the purpose. Belly leather, which 


Another instance of the conservation 
and extension of an important natural 
product is found in the case of pulp for 
making paper. Hitherto the pulp from 
coniferous softwood trees such as spruce, 
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is an elastic material capable of resisting 
tension as well as compression. The use 
of high yield point reinforcement made 
prestressed concrete possible, since it 
is now feasible by- using high-strength 
wire as reinforcement to absorb losses 
of stress due to shrinkage and plastic 
flow and still leave sufficient prestress 
in concrete to maintain compression in 
the concrete under load. 


is not normally suitable for soles because 
of its loose open structure, can be made 
into a durable sole by impregnation with 
rubber. Furthermore, with any leather 
the flesh side is more suitable for im- 
pregnation by reason of its fibrous 
structure. This renders it possible to 
split leather and use the grain side for 
shoe linings or luggage and yet to make 
a sole from the remaining flesh side 
that will greatly outwear an untreated 
sole made from the entire thickness of 
the leather. The penetration of water 
is reduced to about 50 percent of that 
of untreated leather; other properties 
are not greatly altered by the treatment. 


Various types of polymers have been 
used for the treatment of leather with 
good results including different forms 
of natural rubber, gutta percha, poly- 
butylmethacrylate, and polyisobutene. 
The polyisobutene is employed in a 30 
to 40 percent solution in gasoline or 
toluene. The optimum molecular weight 
is 50,000 to 100,000; polymers of higher 
molecular weight will not adequately 
penetrate the leather while with lower 
molecular weight the wear is reduced. 


fir, and pine has been used to a much 
greater extent than the pulp from hard- 
woods such as birch, beech, gum, pop- 
lars, and aspen. The increased use of 
the hardwoods for pulping is important 
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softwoods and also because of the eco- 
nomic necessity in forestry operations 
of utilizing hardwood trees that are not 
suitable for lumber. 


The pulp from hard wood differs from 
that from coniferous wood in that the 
fibers are much shorter and have a 
structure that makes the paper in which 
they are incorporated weaker, softer, 
and more absorbent. The increased utili- 
zation of hardwood pulp in the produc- 
tion of paper is made possible by bond- 
ing the fibers with resin instead of 
through fibrillation and gelatinization 
produced by the conventional long beat- 
ing. In studies of offset papers at the 
National Bureau of Standards it was 
found that offset papers made with 75 
percent of hardwood pulps compare fa- 
vorably with papers made in the con- 
ventional way with the customary com- 
bination of equal parts of hardwood 
and softwood fibers. The resin bonding 
was accomplished by the addition of 
melamine-formaldehyde resin in amounts 
up to 3 percent. The beating time was 
one and one-half hours as compared 
with nine hours in conventional manu- 
facture. 


An example of the continued develop- 
ment of fibrous materials is seen in the 
roofing felt industry where asplund fibers, 
prepared from wood chips by the defi- 
brator process invented by Arne Asp- 
lund of Sweden, are being widely used 
in the manufacture of roofing felts. 
These fibers have proven to be a boon 
to the asphalt-prepared roofing industry, 
which, though only a little more than 


Future materials will undoubtedly in- 
volve our expansion of inorganic com- 
pounds as plastics, adhesives, fuels, and 
fibrous materials. The development of 
new organic compounds may not be 
paralleled in the inorganic field but 
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half a century old, furnishes approxi- 
mately ninety percent of all the roofings 
sold in this country. 


Radical development of new materials 
in construction, building, and electrical 
industries meets not only some resist- 
ance and opposition from people who 
like things the way they and their fore- 
fathers have had them but also building 
code and labor interests who resist ad- 
vances which call for a realignment of 
ideas and procedure. 


The new detergents wet, penetrate 
and emulsify to a remarkable degree. 
They have low surface and interfacial 
tensions and a wider range of these 
properties than ordinary soaps. Many 
are salts of sulfated alcohols such as 
lauryl, cetyl or oleyl, or are salts of 
sulfonated compounds. They are widely 
used by industry for textile processing, 
and in insecticides, cosmetics, and lubri- 
cating compounds and for cleaning 
metals and many other materials. 


The development of classes of deter- 
gents which are equally operable in 
hard as well as soft water may affect 
the whole water-softening industry. 


There will certainly be many new 
types of synthetic fibers to join the 
recent innovations of nylon, orlon, glass 
fibers, and rayon to displace or improve 
our material fiber sources. These will 
be combined with additives to produce — 
desired wetting, water repellent, air 
penetration, fire resistant, insect repel- 
lent and mold or mildew deterrent 
properties to improve the appearance 
and usefulness of the fabric. 


relatively important studies will be made 
in this field. As an example of such 
substances one might consider the sili- 
cones. From academic researches on the 
chemistry of silicon during 40 years, 
we have new products with unusual 


\ 


properties called silicones. For example, 
methylchlorosilanes react with absorbed 
moisture on surfaces of glass, ceramic 
materials and textiles to form stable, 
tenacious water-repellent films. Silicone 
oils are valuable as lubricants and as 
hydraulic fluids. They suppress the 
foaming of petroleum oils. Electrically 
the silicone oils have very low dielectric 
losses, and they do not cause rubber to 
swell. Silicone resins are thermally 
stable, resistant to oxidation, and good 
electrical insulators. Silicone rubber 
popularly .called bouncing putty has ex- 
ceptional thermal stability. It retains its 
elasticity over the range —55° to 250° 
C. or higher, is not affected by ozone 
and has excellent electrical properties. 


The non-carbonaceous fuels such as 


Titanium is fourth in abundance 
among the structural metals, being ex- 
ceeded only by iron, aluminum, and 
magnesium. It was long believed to be 
too brittle to be useful, until its sup- 
posed poor qualities were shown to be 
due to oxygen and nitrogen content. 
With the development by the Bureau 
of Mines of a process for producing 
ductile titanium from its ores, intense 
interest has arisen in the many possible 
applications of the pure metal. To a large 
extent, pure titanium promises to be 
very useful for many purposes, much 
work is in progress on the development 
of titanium-base alloys, some of which 
might be as superior to titanium for 
special purposes as stainless steel is to 
ordinary steel. 


The Bureau of Mines has also de- 
veloped a process for making ductile 
zirconium. The corrosion resistance of 
this metal is in general similar to that 
of titanium, but zirconium lacks the 
advantage of unusually light weight. 
Columbium and tantalum, especially the 
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hydrazine (N,H,) offer interesting and 
important possibilities, especially in the 
rocket propellent field. 


The demand for titanium dioxide as 
a white pigment, now about 200,000 
tons a year, is still increasing and its 
use is effectively relieving the require- 
ments for the scarcer lead pigment in 
.paints. Zirconium dioxide is used as the 
point material in a new “point” light 
source which is useful in optical re- 
search. Germanium and its derivatives 
have proven extremely useful in elec- 
trical valves as the germanium diode 
and the germanium triode or transistor. 
Lithium-aluminum-hydride has opened 
up a new and important procedure for 
the reduction of organic compounds and 
synthesis of new derivatives. 


latter, are even more corrosion resistant 
than titanium and zirconium. Colum- 
bium is still mainly used for alloying 
steel. A recent special use is columbium 
nitride as an extremely sensitive bolom- 
eter receiver surface. The comparative 
chemical inertness of tantalum has led 
to its fabrication into acid-proof chem- 
ical plant equipment, skull plates, and 
surgical wire. 


Each advance in our machine-age 
civilization points the way to further 
advances, provided better metals or ma- 
terials can be developed to meet the 
new performance requirements. The 
development of the automobile, starting 
about 1900, initiated thinking along 
strength-weight and reliability lines, 
and experience gained in the develop- 
ment of the automobile subsequently 
made possible the airplane. The develop- 
ment of steels which retained their 
strength at elevated temperatures re- 
sulted in improvements in steam-power 
installations and in the chemical industry 
where many reactions proceed more eff- 
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ciently at temperatures higher than were 
previously attainable. These uses require 
improved resistance to oxidation and 
corrosion as well as increased strength 
and reliability at high temperatures. At 
present the peak demand for materials 
for high temperature service is for gas 
turbines and jet-propulsion engines. At 
the other end of the temperature scale, 
there is a demand for better and more 
reliable metals and alloys for use at 
very low temperatures encountered in 
the mass production of liquid air, in 
airplane operations at high altitudes, and 


Organic chemicals, the compounds 
of carbon and hydrogen, oxygen, halo- 
gens, or other elements, will without 
doubt continue to supply our major 
variety of new synthetic compounds of 
the future; although the advances in 
these compounds in the past 125 years 
have led us now to accept the new and 
fantastic organic materials of today as 
commonplace and expected. The found- 
ing of the Faraday Society in 1825 
almost coincides with the accepted date 
of the founding of Organic Chemistry 
as a separate science. (Wohler’s syn- 
thesis of urea in 1828.) The enormous 
strides to be made in this field of science 
in the future will undoubtedly be as sig- 
nificant and spectacular as those of the 
past century and a quarter; although 
these advances may be less impressive 
due to the present highly developed 
position of the science. 


The limitless possibilities in this field 
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in transportation in the arctic and polar 
areas. The demand for new and im- 
proved metals and alloys is always in- 
tensified by war-time activities. 


Future developments will produce 
metals and alloys with higher strengths 
and better resistance to creep, fatigue, 
oxidation, and corrosion. Improvements 
are expected in stainless and alloy steels, 
in the lightweight metals, aluminum and 
magnesium and their alloys, in currently 
available “super alloys” and in protec- 
tive coatings for high-temperature serv- 
ice and corrosion resistance. 


are exemplified by the development in 
recent years of the commercial produc- 
tion of an extremely simple organic 
compound, ethylene oxide, (CH,—CH,). 
From this one substance are produced 
ethylene and diethylene glycols and their 
mono- and diethers, polyethylene glycols, 
glycol acetates, ethanolamines, and their 
substitution products. Solvents, plastics, 
water-soluble waxes, pharmaceuticals, 
fumigants, and many other products are 


now made from ethylene oxide and are 
available in carload lots. 


New drugs, foods, dyes, plastics, per- 
fumes, paints, lubricants, refrigerants, 
and many other substances will continue 
to flow into the commercial and re- 
search markets in the future in increasing 
amounts. 


GENERAL 


The recognition of new materials as 
an important news item in science and 
industry is apparent in the “New Ma- 
terials” sections which appear in many 
of our current technical and trade 
journals. Among such listings are the 
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“New Materials” section in the Review 
of Scientific Instruments, the “New 
Chemicals and Specialties” section in 
the Chemical and Engineering News, 
the “New Products and Materials” sec- 
tion in Chemical Engineering. 
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Greater emphasis in the future must 
be placed on efficient conversion of 
energy sources, which as Dr. Wiley 
indicated some 50 years ago would be 
principally our energy from the sun. 


We may expect that the use of ra- 
diant energy with the production of 
carbohydrates may be the principal 
source of our heating fuels, foods, and 
combustion engine fuels. For example, 
it has been calculated that the anaerobic 
fermentation of the corn stalk material 
grown within a 10-mile radius of one 
of our smaller mid-west communities 
of some 20,000 population would supply 
the essential heat and power require- 
ments of such a community throughout 
the year. We may expect that as our 
supplies of coal and petroleum diminish, 
greater use will be made of potential 
water, wind, and tidal power to com- 
pensate for the reduced supply of those 
materials which are largely converted 
into mechanical energy. 


The fantastic fields opened in the ap- 
plication of atomic energy principles 
may lead to elemental syntheses and 
energy effects which at the moment are 
unpredictable by the non-atomic scien- 
tist but certainly must be considered in 
any future material prediction. The use 
of both atomic and solar energy in the 
production of useful materials will al- 
ways be an important problem. It is cer- 
tainly within the realm of possibility 
that we may in the future synthetically 
produce our organic compounds through 
commercial chemical reactions involving 
radiant energy and_ chlorophyll-like 
catalysts together with simple raw or 
elemental materials. Foods and drugs 
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will always be a problem of research 
in the future with a continued produc- 
tion of new substances to increase our 
span of life, relieve suffering and in- 
crease our pleasure. 


On the average, material resources 
should not seriously concern us in the 
future although minor shortages may 
cause us to change our mode of living 
in some aspects. Actually only about 20 
percent of the earth’s surface has been 
searched for its resources and vast 
stores below the surface as well as under 
the sea have not been tapped to any 
degree, with the possible exception of 
oil wells, which have barely encroached 
beyond the shore line into the vast 
ocean area. 


We can certainly expect that from the 
trend of new development of materials 
that just as new or original innovations 
will continue in the future. The change 
in availability of the common materials 
will undoubtedly be the greatest influ- 
ence in the future developments of new 
materials. The scarcity of water, iron 
and many other common materials may 
result in new methods of conservation 
recovery and suitable substitutes. 


Synthetic materials may be expected 
to promote and accelerate the produc- 
tion of natural materials. The use of 
synthetic insecticides, plant hormones, 
anti-virus compounds and fertilizers and 
the accelerated and amplified production 
of natural products together with a pro- 
gram of conservation, utilization of 
waste and by-products and development 
of new substitutes should certainly solve 
the material supply problems of the near 
and even distant future. 
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KINGSBURY THRUST BEARING 


DEVELOPMENT OF THE 
KINGSBURY THRUST BEARING 


ACKNOWLEDGMENT 


This article by ALBERT Kincssury was published in the December 1950 issue of 
“Mechanical Engineering,” which contained the following introductory statement : 

“In 1942, the year before his death, Albert Kingsbury compiled some auto- 
biographical notes entitled “Recollections,” copies of which were distributed to 
members of his family and to a few business associates. By special permission 
these notes are here published for the first time. Certain personal references and 
extraneous matters have been omitted. The notes constitute Dr. Kingsbury’s own: 
story, in condensed form, of a lifetime spent in lubrication research and the develop- 
ment of the thrust bearing which bears his name.” 


In June, 1880, I was graduated from 
the high school in the village (now city) 
of Cuyahoga Falls, Ohio, in a class of 
three boys and five girls—the first class 
formally graduated there—and later I 
studied for one year at Buchtel College, 
Akron, Ohio (later, University of Ak- 
ron), in the Latin-Scientific course. 


From 1881 to 1884, I was a machin- 
ist’s apprentice with the Turner, Vaughn 
and Taylor Company, of Cuyahoga 
Falls, and was engaged mostly on rather 
rough heavy work, such as machines 
for working clay, wire drawing, etc. 
The experience there gained was of 
great value to me later. 


In September 1884, I entered The 
Ohio State University, Columbus, Ohio, 
as a freshman in the mechanical-engi- 
neering course. At the end of the sopho- 
more year, being low in mind and funds, 
I took a job offered me by Prof. S. W. 
Robinson, of The Ohio State University, 


433 


to work on a “wire grip” fastening 
machine of his invention and design, 
which was being manufactured by the 
Carver Cotton Gin Company at East 
Bridgewater, Mass. My work included 
drafting, inspection of the work at the 
Carver company, and trips to various 
shoe factories around New England to 
make repairs or alterations in the wire- 
grip machines already in use. After less 
than a year at this work, I became dis- 
couraged by certain features of the situ- 
ation beyond my control and returned to 
Ohio. There I secured work with the 
Warner and Swasey Company, in Cleve- 
land, as machinist, working mostly on 
16-in. engine lathes and making parts 
for their regular line of machine tools, 
such as small turret lathes. At that time 
they were building the mounting for the 
famous Lick telescope (36-in. object 
lens) and it was my privilege to work 
on some parts of the mounting. 


=| 


In the fall of 1887 I entered Sibley 
College, Cornell University, in the jun- 
ior class in mechanical engineering, and 
continued there until graduation in 1889. 
In the latter part of the junior year 
arose the first of my experiences that 
definitely turned my thoughts toward 
the subject of lubrication, which has 
been the principal item in my lifework. 
The head of Sibley, Dr. R. H. Thurston, 
assigned to me the laboratory problem 
of testing the bearing metals submitted 
by the Pennsylvania Railroad Company. 
There were some five samples, in the 
form of half-bushings about 2 in. xX 2% 
in., arranged for tests in a small Thurs- 
ton oil tester. These samples had already 
been tested for wear in the laboratory 
at Sibley by students or others who had 
reported that some of the samples were 
much worse than others. I received no 
specific instructions for the tests, and 
so I naturally started by refitting all 
the samples carefully to the test journal 
by scraping. Then the samples were 
successively tested in the small Thurston 
machine, with varying loads, speeds, and 
oils, with the result that all the samples 
showed exactly identical results—no 
wear at all, though weighed in a 
delicate balance before and after test. 
I reported these facts to Dr. Thurston, 
who then suggested using kerosene, 
ordinarily not a lubricant. Thereafter 
certain tests showed a smaller coefficient 
of friction (0.0005) than had ever pre- 
viously been found in any published re- 
port of bearing tests. Again Dr. Thurs- 
ton offered no explanation. All this left 
me with a desire to find out something 
about the operation of oils in a bearing, 
since such tests could not explain the 
apparent mystery. The fact that the 
needed explanation had been published 
in 1886 by Osborne Reynolds in the 
Philosophical Transactions was not 
known to us at Sibley College at that 
time, though it was known to my former 
classmate, F. L. O. Wadsworth, at The 
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Ohio State University, who about 1888 
wrote an abstract of Reynolds’ paper. 


I pursued the studies at Sibley Col- 
lege from 1887 to 1889. About com- 
mencement time (1889) Dr. Thurston 
recommended me for a teaching job in 
the New Hampshire College of Agri- 
culture and the Mechanic Arts at Han- 
over, N. H. The dean, Professor Pettee, 
invited me to come up and be seen, but 
I only sent a photograph, promising to 
be on hand for the fall term. The com- 
pensation offered ($100 monthly) 
seemed huge to me after the years of 
study and work I had put in to pay the 
expenses of college life. 


I had the teaching of the courses in 
mechanical enginering and physics with 
the assistance of John Brown as instruc- 
tor in the machine shop, an excellent 
mechanic of the Old New England type 
and an amiable man. There were also 
several instructors in woodworking; of 
these I remember best Allen G. Lowell 
and, later, George H. Furbish, as being 
very skillful. 


There were, I think, 18 students in 
all during the year 1889-1890. At the 
close of the college year I resigned, 
having been offered a job by my highly 
esteemed cousin, Horace B. Camp, again 
at Cuyahoga Falls, Ohio, a very helpful 
man, much older than myself, of com- 
mon-school education but of much ex- 
perience in life. He had invented a 
brickmaking machine (among many 
previous inventions) and was bent on 
putting up a machine shop to manufac- 
ture it. He fancied that my good educa- 
tion should prove to be a great help to 
him in this matter. We erected a brick 
shop, 40 x 100 ft., equipped it with 
tools, and began business, I being the 
superintendent. However, after a few 
months, business did not develop as 


anticipated, and as Professor Pettee had’ 


always urged me to return to New 
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Hampshire College, Horace finally ad- returned to Hanover for the fall term, 

vised me to accept the offer (a full 1891, and retained the post of professor 

professorship in mechanical engineering of mechanical engineering until July, 
1888 with a salary of $2000 per year). SoI 1899. 
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esigned, Fic. 1—Torsion-Compression Machine built by Albert Kingsbury about 1892 
y highly _ [This machine was built to study friction in screw threads, particularly threads used in an action 
ain similar to that of a jack screw. The power head at the left was designed to furnish the twisting power 
Ip, agi or action to a sample placed between the power head and the weighing head at the top of the pendulum. 
y helpful The pendulum is the apes | bent member shown between the pump handle and the gear mechanism. 
The pendulum, the lower end of which is not shown, was bent back so that its center of gravity would be 
of com- nga | below the center of the support sleeve of the support (ball) bearing, thus eliminating any bind- 
uch ex- ing. brass finger, just visible above the round bar connecting the two side frames, indicated the 
relative motion between the two heads. The modified steam-engine indicator is specially equipped with 
rented a a stem which moves vertically as the center of gravity of the pendulum moves horizontally, and hence 
3 this movement is proportional to the torque applied to the sample. The cylinder to which the pump is 
g many attached contains a piston which, when under pressure, furnishes a thrust on the spindle which carries 
bent on the pendulum. The pressure on the piston is measured by the pressure-gauge testing unit mounted on 
the top of the cylinder at the — The crank at the right was for the purpose of moving the whole weigh- 
manufac- ing head in order to accommodate different lengths of sample. Thus this machine could — a sample 
sd oteaiia to a combination of twisting and compression and could weigh each of these actions independently. ] 
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t help to 
d a brick 
| it with 
yeing the During the years 1891-1892, we of from Hanover. We moved to the new 
or a few the faculty, especially Professor Pettee location in 1893. While I was at Han- 
velop as and I, were much concerned with the over, and at all times, my having charge 
ettee had’ building of the new buildings for the of the shops gave me opportunity to 
to New College, at Durham, across the state continue my research in the questions 
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TORSION-COMPRESSION TESTING 
MACHINE 
VERTICAL AXIAL SECTION 


Maximum Compressive Force 20,000 Pounds. 
Maximum Mowent 10,000 Inch Pounds 
NOTE CO. 


about lubrication that arose in my junior 
year at Cornell, and I made a number 
of investigations, generally with a view 
to using the results as a means for in- 
struction of the students. I rarely kept 
any record of these investigations. 


First I built (mainly with the help 
of John Brown) a “torsion-compres- 
sion” testing machine (Figs. 1 and 2). 
On this I made a long series of tests 
upon the friction of screws and nuts. 
These tests were the basis of a paper? 
I presented at the meeting of The 
American Society of Mechanical En- 
gineers in New York, December, 1896. 


The compression element of this ma- 
chine, a piston 6 in. diameter and 6% 
in. long, fitted without packing of any 


Fic. 2—Sectional drawing of Torsion-Compression machine shown in Fig. 1 
(Reproduced from Transactions ASME, vol. 17, 1896, p. 98) 
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kind to a heavy cylinder on which I 
had long meditated with doubt and men- 
tal questioning, proved to be not only 
entirely suited to the purpose but also 
a very interesting bit of mechanism in 
itself. I found that if piston and cylinder 
were taken alone, the axis being ver- 
tical, the piston could be spun rapidly, 
apparently without contact with the 
cylinder wall. Then John Brown found 
that the same action occurred even with 
the axis horizontal, and he called my 
attention to this. This was surprising, 
because the piston weighed 22 lb., being 
hollow and of trunk-piston type. I 
shortly came to the conclusion that this 
must be a case of lubrication, the air 
acting as the lubricant. After playing 
thus with these parts for some time, we 
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Fic. 3—Air-lubricated journal bearing built by Albert Kingsbury about 1892 


[Six-inch-diameter cast-iron rotor has a wooden handgrip. A screw-driver slot is provided in end of 
shaft so that a screw driver in a hand or breast drill can be used to get high-speed rotation. The large 
knurled screw plug with wooden insert plug is used to vent the air space at the back of the cylinder. 
This allows insertion of the rotor and, when vent is closed, prevents withdrawal of the rotor. The 
smaller knurled screw plugs (five in number) are for insertion of micrometer measuring instruments so 
that clearance between the rotor and stator, i.e., thickness of the air film, can be measured accurately. 
The stator can be turned in the wooden support so that the micrometers can be oriented at any desired 
angle, thereby permitting measurement of air-film thickness at any position. This piece of apparatus is 
in regular use at Worcester Polytechnic Institute in classes in machine design and in lubrication studies. ] 


made a new cylinder (Fig. 3) and a solid 
piston weighing about 50 lb., together 
with bits of apparatus to show the air 
pressure at various places in the air 
film in the space between piston and 
cylinder wall (mean space 0.0016 in.), 
and the variations in this space with 
the speed of rotation of the piston. This 
apparatus was exhibited before the As- 
sociation of Agricultural Colleges at 
their meeting in Washington, Novem- 
ber, 1896, and attracted much interest 
en the part of engineering teachers. 


I then was invited to exhibit it before 
the engineers at the Bureau of Steam 
Engineering at the Navy Department, 
which I did. Among the listeners there 
was John H. MacAlpine (later well 
known because of his association with 
Admiral Melville in the promotion of 
the reduction gear). After my talk he 
went out and shortly reappeared with a 


big book in which he showed me that 
“Reynolds says this, while you said so- 
and-so.” In fact I had made an inaccurate 
statement in my brief notes. But this 
was my first sight of that remarkable 
paper by Osborne Reynolds? which ex- 
plained for the first time in print most 
of the phenomena of lubrication that 
were shown in Tower’s experiments® 
and also my puzzle of 1888 at Cornell. 


On returning to Durham, I got the 
loan of the Philosophical Transactions 
from the Boston library, studied Os- 
borne Reynolds’ paper at length, and 
repeated my experiments with the air- 
lubricated bearing more fully in the 
light of Reynolds’ theoretical work. 


From this there resulted my paper 
published in the JouRNAL OF THE 
AMERICAN Socrety OF NAvAL ENGI- 
NEERS. 
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In reading the section of Reynolds’ 
paper dealing with flat surfaces, it oc- 
curred to me that here was a possible 
solution of the troublesome problem of 
thrust bearings. Reynolds showed that 
if an extensive flat surface rubbed over 
a flat surface slightly inclined thereto, 
oil being present, there would be a pres- 
sure between the surfaces distributed 
about as sketched in Fig. 4. The maxi- 
mum pressure would occur somewhat 
beyond the center of the bearing block 
in the direction of motion, and the re- 
sultant would be between that maximum 
and the center line of the block. It oce 
curred to me that if the block were 
supported from below on a pivot, at 
about the theoretical center of pressure, 
the oil pressures would automatically 
take the theoretical form, with a result- 
ing small bearing friction and absence 
of wear of the metal parts, and that in 
this way a thrust bearing could be made, 
with several such blocks set around in 
a circle and with proper arrangements 
for lubrication. 


I kept this idea in mind for a long 
time, but hesitated to make trial of it 
because the unit pressures that might 
be required, say, for the first long ver- 
tical shafts (1891) at Niagara Falls, 
where the pressure was 400-500 psi, 
were far beyond those familiar in exist- 
ing thrust bearings that worked satis- 
factorily (for example, 40 to 50 psi in 
the bearings for ships’ propeller shafts). 
Also, the requirement of the lopsided 
form of the bearing, apparently permit- 
ting rotation in one direction only, was 
a sticker. However, I decided to try, and 
in 1898 Mr. Brown and I built a bear- 
ing with the blocks supported at the 
center line of the blocks, and not on 
frictionless pivots, but on small spherical 
bosses projecting from the blocks. In 
1898 I made tests of this bearing in the 
torsion-compression machine previously 
used for tests for friction of screws, with 
certain homemade roller devices to carry 
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PIVOTED-BLOCK THRUST BEARING 


BEARING BLOCK 


OR “SHOE” 
(STATIONARY) 


SCENTER 


Fic. 4—Albert Kingsbury’s sketch of 
pressure distribution in offset shoe 


temporarily the reverse thrust of the 
bearing, and with a strip of sheet brass 
bent to catch the oil which was supplied 
in a small stream through the center 
of the bearing, as it was thrown from 
the rotating part. 


The tests were entirely successful. 
The bearing loads, which were small at 
first, were gradually increased, finally 
reaching 4000 psi or more, the speed 
being about 285 rpm. 


In 1919 I gave expression to my ap- 
preciation of Reynolds by a contribu- 
tion to the University of Manchester to 
form at least the initial basis for an 
“Osborne Reynolds Fellowship.” The 
first incumbent of this fellowship was 
Reynolds’ son, F. D. Reynolds, who was 
working on the problems of the screw 
propeller. 


It was my practice to give all reason- 
able teaching assistance to my students 
in thesis work, and for this purpose I 
utilized whatever research material I 
happened to have in hand at the time, 
the students paying the costs of small 
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incidental materials. In the class to be 
graduated in 1898, were Moore and 
Morgan, who were building a small belt- 
driven electric generator (I furnished 
the ideas for the self-lubricating bear- 
ings). Colby and Kenney of the class 
of 1899 made tests with varying clear- 
ace on a small steam engine (using 
parts arranged by me and a hydraulic 
dynamometer of my design and con- 
struction). Clement worked alone on a 
design on a small vertical steam engine; 
Baker and Putney on tests of the thrust 
bearing that I had previously tested 
(1898). 


In July, 1899, I left my post at New 
Hampshire College for one at the 
Worcester Polytechnic Institute where I 
was appointed professor of applied me- 
chanics and had charge also of the labo- 
ratory where material tests were made. I 
gave lectures and other instruction, but 
also spent much time in the laboratory, in 
classwork, and in my personal research 
in lubrication especially. There were 
two tension-testing machines and a large 
torsion machine (at Worcester Poly- 
technic Institute), but nothing else. 


I shortly made a deal with Dr. Murk- 
land, president of New Hampshire Col- 
lege, whereby my old torsion-compres- 
sion testing machine and all the test- 
pieces used in it, and some other pieces, 
including the thrust bearing were trans- 
ferred to Worcester. At Worcester, I 
also had constructed a small machine 
for journal friction tests, Fig. 5, which 
proved to be quite interesting and in- 
structive to me as well as the students. 


Among the students preparing theses 
or graduating in 1900 were Graffam 
and Traill, who made, at my suggestion, 
a new base or support for the shoes of 
the thrust bearing, with long radial 
supports of cylindrical form for the 
shoes. These students made very suc- 
cessful tests of the new bearing. 


In these tests, as well as in those of 
Baker and Putney at New Hampshire, 


Fic. 5.—Journal-bearing lubrication tester 
built by Albert Kingsbury 

[The stand is made from a Washburn Shops, 
Worcester Polytechnic Institute, friction-drive 
variable-speed sensitive drill press, slightly modified 
from the original as first built by Kingsbury. The 
spindle and weighing device are just as originally 
designed, however. The cup which contains the 
bearing shoes and the lubricant is shown above 
the circular table. The hand screw on one side of 
the cup varies the pressure on the bearing and the 
~ essure is indicated by an indicator on the barrel. 

he counter weight opposite the pressure screw 
balances the unit so that it hangs freely. The bear- 
ing unit extends nearly to the base of the stand, by 
means of a hollow tube, and the support is by 
means of a wire or torsional spring which comes 
back up to the bracket just under the bearing cup. 
The bearing rotor is at the base of the spindle to 
which it is connected through two universal joints. 
Lubrication characteristics for various lubricants 
under varying pressures and temperatures were 
investigated in this machine. The machine is used 
as regular laboratory equipment at W.P.1I. and 
has been so used for many years.] 


the good operation with “central sup- 
ports” for the shoes was not explained 
by the theory of Reynolds, who assumed 
constant viscosity in the oil. It was 
explained in later years by H. T. New- 
bigin, then manager of the Mitchell 
plant, who suggested that, because of the 
continuous friction heating, the oil be- 
came less viscous as it passed in the 
film from the leading edge to the trail- 
ing edge of each shoe; and this appears 
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to be the main explanation. The idea of 
“central supports” was afterward pat- 
ented in England by Cooke, who was 
associated with the Hon. Charles A. 
Parsons in the steam-turbine business. 
It was probably not known or recog- 
nized by anyone that I had used the idea 
in my very first bearing in the United 
States, and of course I offered no objec- 
tion to the British patent as I did not 
hear of it until the patent was issued 
and it did not affect my work. 


I later used this idea extensively, and 
still use it, in my American practice. 


In June, 1903, through the good 
offices of B. G. Lamme, my old friend 
and classmate at The Ohio State Uni- 
versity, who was shortly to be chief 
engineer of the Westinghouse Electric 
and Manufacturing Company, I got em- 
ployment at the East Pittsburgh works 
as a “general engineer,” working mostly 
on mechanical matters because I was 
not very well versed in electrical mat- 
ters. Notwithstanding this, when a call 
came from the Canadian Westinghouse 
Company for an electrical engineer, I 
was sent to make a report to the Cana- 
dian Pacific Railway on the electrical 
equipment installed by the General Elec- 
tric Company at various places on their 
system. I protested that I was not an 
electrical engineer, both to the West- 
inghouse people and to Sir Thomas 
Shaughnessey, then president of the 


During my work at East Pittsburgh 
I missed no chance of promoting my old 
idea of the thrust bearing with these 
two companies. In 1904 the Electric 
Company had to build a large electric 
motor with a vertical shaft, and for 
this motor they made, at my suggestion, 
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The Graffam and Traill construction 
introduced a new difficulty which arose 
from the lack of radial tipping of the 
shoes, so that, because of bending of 
the support, much scraping was required 
to make the shoes fit the rotating disk. 
Graffam later wrote me a suggestion 
which probably, if used, would go a 
long way toward meeting the difficulty, 
but it was never tried, as other and 
better ways were used by me originally 
and later. The same suggested improve- 
ment was also proposed to me by Put- 
ney in 1909. 


Canadian Pacific Railway. I spent two 
or three months in the summer of 1904 
on this work at Montreal, Winnipeg, 
and Port Arthur, with results that ap- 
parently satisfied all concerned. Also, I 
learned much about electric motors from 
the tests I found necessary. 


When I returned to East Pittsburgh I 
was given work on the mechanical de- 
sign of the rotors for turbine-driven 
generators which involved high rota- 
tive speed and, therefore, high mechani- 
cal stresses. I continued with the West- 
inghouse Electric Company until 1914, 
being a consulting engineer for them 
and for the Westinghouse Machine 
Company (near by) during later years. 
About this time I set up as consulting 
engineer on my own account, with an 
office in the Oliver Building, Pittsburgh. 


a thrust bearing of my type. This was 
installed in the motor for “shop test.” 
The test run was made at night, without 
my knowledge and attention, and the 
bearing was reported to have “run hot” 
and was, therefore, discarded. I never 
saw it again. It was replaced by a ball 
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bearing, as originally intended. I could 
realize from later experience why my 
bearing “ran hot” in this case. Firstly, 
it was much too large for the job, being 
designed for a load of only 50 psi (400 
would have been better), and secondly, 
the speed was quite high, 750 rpm. 
Probably the oil was unsuitable also, 
perhaps too viscous for this case. But 
the drawing of this 1904 bearing being 
the only one then available, was used 
with my application (1907) for a United 
States patent. 


In 1909 the Electric Company built 
a large vertical motor for the Minidoka 
irrigation project in Idaho. This motor 
was provided with a ball-bearing thrust. 
The company had sent an engineer to 
look over the plant and the products of 
the bearing maker in Philadelphia and 
he had reported favorably on the plant 
and products, but when the motor was 
subjected to shop test for a day or two, 
I found that the ball bearing already 
showed indications of incipient failure. 
I, of course, reported this to -H. P. 
Davis, vice-president and manager of 
engineering, asking that one of my de- 
signs be tried instead. He would not 
consent to this trial except at my per- 
sonal expense for the parts required. 
Accordingly, the works made, at my 
cost, a bearing to replace the ball bear- 
ing, working from my free-hand sketches 
and notes which, I remember, were 
very crude indeed. This was ready and 
tested under my supervision in about a 
week and it operated perfectly. But the 
attitude of the company officials who 
viewed the operation seemed to be “there 
ain’t no such animal,” and the bearing 
was therefore rejected and the motor 
was finally equipped with a roller bear- 
ing before being shipped to Idaho. 


Some 14 years later the U. S. Army 
Engineers at the plant in Idaho applied 
to me for a bearing for this motor to 
replace the roller bearing, and this I 
furnished them. I suppose I have heard 
the last of that particular job. My bear- 
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ings appear to last indefinitely long in 
service, since those installed 30 years 
ago are still operating well. 


About 1906 I told Mr. Davis that if 
the Electric Company would obtain a 
patent and would develop the bearing to 
the point where they could determine its 
value, they could then own the patent 
by paying me what they thought proper 
for it. Hence Mr. Davis had the Legal 
Department start an application through 
R. J. Dearborn, of that department, who 
had been one of my students at Worces- 
ter Polytechnic Institute. 


Before long this matter came to the 
attention of the president, then E. M. 
Herr, who did not approve it; so I had 
to bear further expense myself. The 
patent application was filed in 1907. The 
first action of the Patent Office was a 
denial, because of Mitchell’s patent on 
the same idea in England, issued in 
1904. Thereupon, Dearborn filed for me 
affidavits of Baker and of Putney, and — 
later those of Graffam and of Traill, 
which established my precedence of a 
few years in the matter. As a result, the 
Patent Office granted me a patent, No. 
947242, issued in 1910.5 


During 1910-1911 the Westinghouse 
Machine Company became interested in 
the thrust bearing, through H. T. Herr, 
vice-president, and Francis Hodgkin- 
son, chief engineer. Before taking the 
license I proposed, they made, in their 
works, extensive tests of the bearing 
applied to a high-speed steam turbine 
(3600 rpm). The bearing worked very 
well and the bearing area was reduced 
in successive tests until the babbitt- 
metal facing was crushed by the pres- 
sure (7000 to 8000 psi). This surpris- 
ing result convinced them, so they took 
the license (my first one) and continued 
to work under it through the life of the 
patent. 


A few years later, the Westinghouse 
Electric Company also took a license 
for their own work, and in later years 
other manufacturers took licenses. These 
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later licenses contained a restriction as 
to size (100 sq. in., or less, of shoe 
area) because it had seemed to me for 
a long time that relatively moderate 
sizes were easy to make and _ install, 


Early in 1912 the Pennsylvania Water 
and Power Company gave me a chance 
to apply a bearing in their hydroelectric 
plant at McCall’s Ferry (now called 
Holtwood) on the Susquehanna River, 
where they had had much trouble with 
the original roller bearing supplied by 
a Philadelphia concern. The load to be 
carried was about 200 or 250 tons and 
the speed, 94 rpm. I made a drawing of 
the bearing and showed it to H. T. Herr, 
asking if the Machine Company could 
build it for me. This they consented 
to do under my direction, on being 
assured that I could pay for it. This 
happened just at the time when a $5000 
twenty-year “endowment” insurance 
policy, that I had assumed in 1892, ma- 
tured. I have always advised young men 
to follow my example, because this ma- 
tured policy gave me a really firm start 
in business, and I did not have to bor- 
row money. 


I signed a contract with the Pennsyl- 
vania Water and Power Company (a 
very stiff one, from my point of view) 
and got the bearing made and installed. 
On the first trial run the bearing failed 
at once and completely by the “wiping” 
of the babbitt metal of the shoes; the 
cast-iron disk or “runner” was merely 
scraped, not polished. I explained to 
the company what I thought to be the 
reason for the failure and had the parts 
shipped back to East Pittsburgh. After 
properly polishing the runner and pour- 
ing new babbitt metal on the shoes, the 
bearing was replaced in the 10,000-hp 
unit at Holtwood. After several days 
and nights of work at refitting the bab- 
bitt surfaces, further trial runs were 
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since the only difficulties I had met 
occurred with the larger bearings (48 
to 6l-in. sizes) and I preferred to keep 
the large sizes for my own manufacture 
and installation. 


made, with complete success, and the 
unit was put in service again. 


I had worked day and night with the 
gang on the job and was not without 
discouragement. On one of .the last 
nights, as I emerged from the power- 
house at 2 or 3 o’clock in the morning, 
intending to go to hed at the boarding- 
house about 400 ft. up the hill, all my 
sentimentality was awakened by the 
sight of the great planet Jupiter, hang- 
ing like a huge torch above the dark 
valley.. No sound could be heard ex- 
cept that of the rushing river. This ex- 
perience gave me renewed inspiration, 
and I shall never forget the scene. 


The continued good operation of this 
bearing at Holtwood (which was fol- 
lowed there by nine more bearings in 
additional units in later years) was the 
reason, 25 years later, for a celebration 
of its installation in 1912. At a dinner 
held at Holtwood in July, 1937, attended 
by Mrs. Kingsbury and myself and most 
of the officers and employees of the 
company, much was said in praise of 
the bearing, which really seems to have 
been the financial salvation of the com- 
pany. (The original roller bearings, 
which cost about $5000 each, required a 
vast amount of very expensive servicing 
and repairs, with expensive shutdowns). 
After the dinner we saw, in the power 
plant, the parts of my original bearing, 
removed for inspection, and made actual 
measurements of the amount of wear on 
the blocks (or shoes)—at most 0.005 or 
0.006 in. near the trailing end. The 
plant engineers calculated from this a 
“probable life of 1300 to 1700 years” for 
the bearing. 
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After the success at Holtwood in 
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met bearing on propeller shafts in 1917, al- 
(48 1912, there were frequent demands for though I had much earlier tried to get 
eep the bearing for hydroelectric generators, the Bureau of Steam Engineering in- 
ture at Keokuk on the Mississippi, Cedar terested. I have been told (by someone 
Rapids on the St. Lawrence, and else- I cannot now identify) that it was the 
where. I had working arrangements fact that the British Government was 
with the Westinghouse Machine Com-_ using the Mitchell bearing that caused 
pany and the Canadian Westinghouse the U. S. Navy to adopt my bearing. 
Company to build bearings for me, as Even then the head of the Bureau, 
required. Up to 1918 this work was done Admiral Griffin, who apparently as- 
the largely for the U. S. Navy. sumed that I was an interloper, asked 
In 1921 the Machine Company found Admiral Dyson to check up on this 
1 the that they could no longer keep up my ™atter. Dyson reported to him, and 
shout work. I had at the time a small shop @/So_to me, that I had a perfectly good 
last in Philadelphia (on Cherry St.), but U. S. patent. After that the contractors 
ay soon bought an old plant on Tacka- for Navy ships used the bearings in 
ning, wanna St., Frankford, in the northeast !arge numbers, so that it took some 10 
han part of the city, and new and second- ¢° 12 machine shops, in addition to the 
1 my hand machine tools for equipment, and Westinghouse plant, to supply the de- 
. the began to manufacture bearings there. ™and during the remaining years of 
sang- Soon more space was required and was _ the First World War. 
dark built there, and I am now (August, However, we met the demands with 
1 ex- 1942) again building additional space to yo delays and we are now again con- 
iS @X- accommodate the great amount of work  tinying to do so in the present World 
ation, under way for the U. S. Navy in the War, for our plant in Philadelphia is 
| present World War. loaded to the limit, and about eight out- 
f this The U. S. Navy began to use my _ side plants are helping us. 
s fol- 
igs in 
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When over ten years ago new avenues 
were opened up in the construction of 
internal combustion engines — highly 
supercharged Diesel engines, Diesel gas 
producers and finally the gas turbine 
proper—it soon became clear that these 
new developments could only be a suc- 
cess if it proved possible to build turbo- 
compressors of high aerodynamic effi- 
ciency. 


As the special qualities of the various 
types of turbo-compressor are in fact 
of great significance for many industrial 
applications, a detailed review of the 
characteristic features of these machines 
should be of real value to all compres- 
sor users. These features, however, de- 
pend essentially on the method of opera- 
tion of the compressors, so that an 
understanding of their behavior in serv- 
ice can only be based on a clear grasp 
of the principles they embody. 


Radial compressors—The most obvi- 
ous method of compressing any liquid 
or gaseous medium by purely dynamic 
means—without the use, that is, of 
pistons or other displacement bodies— 
is the application of centrifugal force. 
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F. F Centrifugal forces 


T, T Reaction forces acting on the runner blades 


Fig. 13. Diagram illustrating the method of operation of a radial com- 
pressor runner. 


Centrifugal machines consequently held 
a leading position for many years in 
compressor construction, as for that 
matter in pump construction also, and 
it was only in a later phase of develop- 
ment that other types of machines were 
gradually introduced. 


Fig. 13 illustrates the working prin- 
ciple of a machine employing centrif- 
ugal force. In the simplest case the 
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impeller is fitted with radial blades. The 
fluid medium situated between these 
blades is flung outwards by centrifugal 
force as the wheel rotates. The figure 
illustrates how this process affects a 
given unit quantity of gas. On the left 
the positions of this unit of gas are 
shown at two consecutive moments. In 
the lower position, the centrifugal force 
F is acting on the gas. A moment later 
the unit has moved a short distance out- 
wards and is now subjected to a centrif- 
ugal force F’, which is greater than F. 
It is important to note in what way 
the impeller does work on the gas. The 
further the gas moves outwards, the 
greater will be its peripheral velocity. 
It is thus continually accelerated as it 
moves towards the periphery of the 
impeller, and in order to impart this 
acceleration the blade must exert a 
peripheral force on the gas. Conse- 
quently the blade itself is subjected to 
an equal reaction force, which is indi- 
cated in the two positions of the gas unit 
by arrows T and T”’. It is these tan- 
gential reaction forces, acting opposite 
to the direction of rotation, which the 
prime mover has to overcome. The 
faster the outward movement of the gas, 
the greater is the tangential accelera- 
tion, and with it the tangential reaction 
forces and thus the power requirements 
of the machine. 


The individual centrifugal forces act- 
ing on each unit quantity of gas in the 
space between any two blades all add to- 
gether, as Fig. 13 shows, to exert a force 
on the gas lying outside of the impeller 
and already flowing off to the point of 
consumption, with the result that this gas 
is put under pressure. 


If we now assume that the discharge 
pressure of the machine is reduced, for 
instance by the escape of some of the 
compressed gas from the delivery pipe 
to the atmosphere, the gas in the impel- 
ler will then obviously flow more rapidly 
into the delivery pipe, and the total flow 
of gas through the machine will there- 
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fore be increased. At the center of the 
impeller, however, the pressure must 
always be lower than in the space from 
which the gas flows to the machine, for 
it is only on account of this pressure 
gradient that gas continues to flow to 
the impeller. The faster the gas flows 
to the impeller, i.e., the greater the de- 
livery quantity, the lower this pressure 
at the impeller center will be. In the last 
resort it may sink so low that the centrif- 
ugal force of the impeller is only just 
sufficient to bring the gas back to its 
original pressure. The machine then 
supplies a very large quantity of gas 
but no longer generatés any pressure, 
acting purely as a delivery machine. If 
on the other hand the pressure behind 
the machine builds up, the delivery 
quantity is reduced accordingly. Finally 
the delivery branch of the machine might 
be completely closed, and in theory at 
least the impeller would then generate 
the highest pressure of which it is 
capable at the given speed. 


The working principle of such a ma- 
chine at once reveals that its delivery 
pressure and quantity are functionally 
interconnected, a high pressure cor- 
responding to a low delivery quantity 
and vice versa, so that the pressure is 
reduced to nil when the quantity reaches 
its maximum. 


A more accurate analysis of the proc- 
ess shows that this interconnection is 
in theory a linear function as repre- 
sented in Fig. 14 by the straight line 
ptn- Owing to the inevitable losses, how- 
ever, the real pressure p is always lower 
than the theoretical pressure, the differ- 
ence increasing as the delivery quantity 
moves away from the value Q, for which 
the machine is designed, since the 
shapes of the individual members are 
then less well suited to the modified flow 
conditions. The characteristic represent- 
ing the actual behavior of the machine 
finally becomes a curve p which ap- 
proaches nearest to the theoretical 
straight line p,, at the normal service 
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pth Theoretical pressure curve as a function of delivery quantuty (theoretical 
pressure characteristic) 

p Actual pressure characteristic 

Input curve 

Q  Delwery quantity 

Normal service point 

B Service port with no pressure and maximum delivery 

P Surging limit 


Fig. 14. Characteristic of the radial compressor. 


point 4, and reaches the zero value at 
B. Here the whole of the pressure gener- 
ated by the impeller is converted into 
velocity.or is consumed by the internal 
frictional and eddy losses. The internal 
losses also increase rapidly in the range 
of very low delivery quantities, so that 
from a certain point P onwards a fur- 
ther reduction of the quantity will even 
lead to a reduction instead of an in- 
crease in pressure. In this region no 
further stable operation is possible be- 
cause the machine begins to pulsate or 
“surge,” a condition which may lead to 
serious trouble and must therefore be 
avoided at all costs. P is known as the 
“surging limit” of the working range. 


As explained above, the input of a 
centrifugal impeller is greater, the faster 
the gas moves outwards between its 
blades, i.e, the greater the delivery 
quantity. The input curve N (Fig. 14) 
will therefore rise with increasing deliv- 
ery quantity and will reach its maxi- 
mum when the pressure has sunk to nil. 
These two features, the increase in the 
delivery quantity with decreasing pres- 
sure and the simultaneous increase in 
the input, are characteristic of the radial 
compressor, as also of the centrifugal 
pump. The behavior of the radial com- 
pressor is thus diametrically opposed, 
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for instance, to that of the piston-type 
compressor, a point which must be 
taken into account in the planning of 
new installations. 


Fig. 13 shows diagrammatically the 
simplest possible form of radial compres- 
sor. In practice these machines incor- 
porate numerous refinements of design 
which have resulted from the study of 
the aerodynamic problems involved. It 
will be noted above all that the air 
leaves the impeller at a high tangential 
velocity, and that this kinetic energy 
would be of no practical use if it were 
not for the most part converted into 
pressure by the provision of a diffuser. 
The simplest type of diffuser consists 
of a conically expanding pipe (Fig. 15). 
If a flowing medium fills the whole 
cross-section of a widening conduit of 
this kind, so that there are no zones 
in which it stagnates or even turns 
back on its course, the outlet velocity 
C, must obviously be lower, owing to 
the larger cross-section of flow at this 
point, than the inlet velocity C,. If a 
unit volume of gas is followed in its pas- 
sage through the tapered conduit, it will 
be found to slow down, which is only 
possible if there is some force acting 
upon it in the direction opposite to that 
of its movement. As the friction of the 
walls is far too slight to account for 
this retardation, it can only have one 
cause the pressure p acting on the front 


Ci, C2 Velocities of medium entering and leaving the diffuser 
D. » Pressures acting on the bounding surfaces of a unit quantity of the 
delivery medium 


Fig. 15. Diagram illustrating the effect of a diffuser. 
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of the gas is greater than the pressure 
p acting behind it. The pressure there- 
fore rises continuously along the con- 
duit, i.e., part of the kinetic energy of 
the gas is converted into pressure 
energy. 


In practice diffusers do not normally 
take the simplified form shown in Fig. 
15. A commoner execution is_ illus- 
trated in Fig. 16. The impeller is sur- 
rounded by a circle of stationary blades 
enclosing channels which widen in the 
direction of flow, so that the effect is 
the same as in the tapered conduit. This 
effect is only obtained, however, when 
the fowing medium uniformly fills the 
whole of the cross-section of the chan- 
nel, i.e., when it follows the bounding 
surfaces without any pockets or dead 
spaces being formed. To attain this end 
is often a difficult matter, and this is in 
fact one of the points on which the work 
of the investigator and the art of the 
designer have to be concentrated. 


The impeller shown diagrammatically 
in Fig. 16 has blades which are not 
arranged radially but are curved back- 
wards, a form which is much used for 
multi-stage compressors. 


The pressure which can be generated 
in a single impeller is limited by the 
maximum peripheral velocity admissi- 
ble for mechanical purposes, which today 


Fig. 17. Cross-section through a single-stage Sul- 
zer monobloc radial compressor. 


The runner is driven through gearing which is combined 
with the compressor to form a single unit. 
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lies at about 1000 ft. per sec. for indus- 
trial compressors with special impeller 
forms. It also depends on the nature of 
the gas, its temperature and so forth— 
a number of factors which have to be 
investigated in each particular case. If 
the pressure generated in one stage is 
not sufficient for requirements, further 
stages are employed, thus leading to the 
multi-stage design. 


Fig. 17 is a cross-section through a 
single-stage Sulzer radial compressor. 
As the impeller runs at high speed, it 
is driven through gearing. The gear is 
housed in a single block with the com- 
pressor, so that the resulting machine 
is a self-contained unit with low space 
requirements. Highly reliable in service, 
the machine needs very little attendance 
and can be installed without difficulty 
wherever it is required. 


The internal design of a four-stage 
Sulzer radial compressor is shown in 
Fig. 20. The form of the impeller blades 
and of the stationary diffuser blades 
surrounding the impellers is essentially 
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Fig. 20. Cross-section through a four-stage Sulzer 
radial compressor. 
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the same as in the diagram of Fig. 16. 
In Fig. 20, however, attention should 
be paid to the peculiar form of the 
channels which divert the gas coming 
from one stage and return it to the 
center of the rotor to be supplied to the 
next impeller. Accurate investigations 
have revealed that the energy losses 
occurring during the passage of the 
working medium from one stage to 
another may be very considerable if the 
aerodynamic form of the guide chan- 
nels is not very carefully studied. The 
channel forms selected in the present 
case are the result of extensive research 
work. 


Axial compressors—The axial com- 
pressor has gained considerably in 
importance of late years. There can be 
no doubt that it will find even wider 
application in future, as some of its 
qualities can be turned to excellent ac- 
count for many duties. If the axial 
compressor—in principle a very old in- 
vention—has only been put to practical 
use at a comparatively late stage of 
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Runner blade 

Diffuser blade 

Peripheral velocity of the runner 

Absolute velocity of the air flowing to the runner 
3 Absolute inlet and outlet velocities of the air relative to the runner 
‘2 Relative inlet and outlet velocities of the air 


Fig. 22. Diagram illustrating a single stage of an axial compressor. 


technical development, this is because 
its aerodynamic design, as compared 
with that of the radial compressor, sets 
difficult problems which only an ad- 
vanced scientific knowledge of aero- 
dynamics has been able to solve. In the 
axial compressor, centrifugal force is 
no longer employed as a means of com- 
pression. Instead, use is made exclu- 
sively of the diffuser effect,, that is to 
say, the increase of pressure by the 
retardation of flow. This working prin- 
ciple at first sight appears anything but 
promising, and in fact it did not meet 
with success in the initial stages. Prog- 
tess in aerodynamics, however, has 
finally revealed that the efficiencies at- 
tainable with this method are equal to 
and even higher than those attained 
with the radial compressor. 


Fig. 22 illustrates the working prin- 
ciple of the axial compressor. At the 


top is shown a section through a single 
stage of the compressor, the runner 
blades being marked 1 and the station- 
ary or guide blades 2. Below this is a 
developed section along the cylinder 
in the plane /—I, showing the sections 
and the arrangement of the blades. The 
arrow 4 indicates the peripheral veloc- 
ity of the blades in this section, the 
arrow C, the velocity of the air ap- 
proaching the runner wheel. It is clear 
from the parallelogram of velocities 
below that, in relation to the blades 
moving at the velocity u, the air flows 
into the runner at a velocity and in a 
direction represented by the arrow W,,. 
The slight curvature of the runner 
blades causes a small diversion of the 
flow of air as it passes though the blad- 
ing, so that it emerges in the direction 
of arrow W,. On the other hand, the 
velocity component in the direction of 


fa} 


W,, We Inlet and outlet velocities of the air relative to the runner 
Ci, C2 Axial components of the inlet and outlet velocities of the ait relative 
to the runner 


Fig. 23. Diagram ill ing the deflection and dati 
a compressor runner. 
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the axis of rotation remains unchanged, 
sinee the quantity of air before and 
after the runner wheel is the same (see 
also Fig. 23). It follows from this that 
arrow W,, must be shorter than arrow 
W,. The flow is therefore retarded: rela- 
tive to the runner wheel, which in other 
words is nothing else but a rotary dif- 
fuser serving to raise the pressure of 
the air as it flows through. 


The velocity IV,, like W,, is meas- 
ured relative to the moving blades. The 
corresponding absolute outlet velocity 
from the runner wheel—measured, that 
is, in relation to the casing—is C, (Fig. 
22). It is also the inlet velocity to the 
following stationary blading, in which 
a further diversion takes place, till the 
air again flows in a purely axial direc- 
tion at the velocity C,. In order to take 
into account the reduction in the volume 
of the air due to compression, the inside 
diameter of the casing and with it the 
axial cross-sections in the direction of 
flow are continuously reduced. This re- 
duction of cross-sectional area corre- 
sponds exactly to the increase in the den- 
sity of the air, so that the axial com- 
ponent of the velocity remains in fact 
unchanged, as we have assumed, while 
the air passes through the blades. Thus 
C, is also smaller than C,, and the sta- 
tionary blading is simply a special de- 
sign of diffuser in which the medium 
undergoes a further pressure increase in 
addition to the pressure increase taking 
place in the runner wheel. As a matter 
of fact, it may in some cases, be ad- 
vantageous to design the machine so 
that the axial velocity does not remain 
entirely constant, but this is a refinement 
of the basic principle which is of no 
importance for our present purpose. 


It might at first glance appear neces- 
sary, when considering the processes 
taking place in the runner wheel, to 
observe the absolute movement of the 
air. This procedure would lead to the 
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unexpected disclosure that the absolute 
velocity increases in the runner wheel 
from C, to C,, and it might be con- 
cluded from this that the opposite of a 
diffuser effect has taken place. Such a 
conclusion, however, would be errone- 
ous. It is actually quite possible to con- 
sider the absolute flow instead of the 
relative motion of the air, but in this 
case the forces which the blades exert 
on the medium as they pass through it 
must also be taken into account. This 
method of approaching the problem is 
much more complicated, but finally leads 
to exactly the same result as the simpler 
approach based on the relative flow. 


The fact that the diffuser effect alone 
is used in the axial compressor nar- 
rowly restricts the pressure increase at- 
tainable in a single stage. Whenever a 
fairly high pressure is required, there- 
fore, a large number of successive stages 
must be provided. Fig. 24 is a cross- 
section through a ten-stage Sulzer axial 
compressor. The runner blades are at- 
tached to a drum-shaped rotor, the sta- 
tionary blades to a horizontally split 
blade carrier fitted in the casing. As the 
specific volume of the air diminishes 
with increasing compression, the cross- 
sections of flow must become smaller 
towards the delivery end. The length 
of the blades is reduced accordingly 
from the first stage to the last. The 
whole machine resembles a steam tur- 
bine with the direction of flow reversed. 


The blading is not the only element 
which calls for detailed research work 
in compressors of this kind. The shap- 
ing of the inlet channels also demands 
careful aerodynamic study, and even 
more so that of the outlet. As the air 
leaves the last guide wheel at a fairly 
high speed, it must be slowed down in 
a diffuser, as otherwise its kinetic 
energy would be wasted. This diffuser 
is shown in Fig. 24 as a funnel-like out- 
let pipe. 
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Fig. 24. Cross-section through a ten-stage Sulzer 
axial compressor 


COMPARISON 


In any comparison of the axial and 
the radial compressors, one point springs 
to the eye in the axial compressor the 
path of the medium to be compressed 
is simpler, shorter and has less sharp 
diversions. It is obvious that this in 
itself must lead to a reduction of the 
losses and an improvement of the 
efficiency. But it has proved in addition 
that the peculiar type of diffuser rep- 
resented by the runner wheel of an 
axial compressor operates with par- 
ticularly low losses. This fact is one 
which was not to be foreseen, but which 
gradually became clear in the course of 
research work carried out in aero- 
dynamic laboratories. For these reasons 
the efficiency of the axial compressor is 
generally superior to that of the radial 
type. 


The complicated path followed by the 
working medium in the multi-stage 
radial compressor also entails consider- 
ably greater unit dimensions than would 
be necessary in an axial compressor 
designed to handle the same quantity of 


gas. This disadvantage becomes more 
pronounced when the attempt is made 
is find optimum designs for the channels 
of flow of the radial compressor. For 
while it is actually possible to design 
these channels to give an efficiency only 
very little inferior to that of the axial 
compressor, the diffusers then take up 
a great deal of space, and the resulting — 
machine is disproportionately heavy and 
expensive. 


It follows from this that the axial 
compressor is more suitable for handling 
large quantities of gas, while on the 
other hand small quantities can be bet- 
ter dealt with in the radial compressor. 
For as soon as the dimensions of the 
axial compressor are reduced below a 
certain minimum, it becomes difficult to 
generate sufficient pressure in a single 
stage without excessive losses of effi- 
ciency. The reason for this is that fric- 
tion effects make themselves felt more 
markedly in machines of small dimen- 
sions, so that the action of the diffusers 
is generally less satisfactory. Such ma- 
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chines also demand extremely high 
speeds, which bring difficult gearing 
problems with them. The radial com- 
pressor is here at an advantage, since 
its dimensions are always larger and its 
speed is always lower than those of an 
axial compressor designed for the same 
working conditions. 


The questions of efficiency and gas 
quantity are not, however, the only 
criteria applying to the choice of an 
axial or a radial type. Essential im- 
portance also attaches to the behavior of 
the machine under varying working 
conditions, or in other words to its 
characteristic. The general form of the 
characteristic of the radial compressor 
has already been illustrated in Fig. 14. 
The situation of the axial compressor 
is very different, as appears from Figs. 
25 and 26. 


In Fig. 25 C, again represents the 
velocity of the air approaching the run- 
ner wheel, and U the peripheral velocity 
of the moving blades, so that W, the 
inlet velocity relative to these blades. 
The runner wheel then causes a deflec- 
tion in the direction W,, which, as al- 
ready explained, involves a retardation 
and a pressure increase. Let us now 
assume, however, that the quantity of 
flow is increased by a small margin 
without any change in the peripheral 
velocity. The velocity of approach is 
then represented by the arrow C,’, 
and the relative inlet velocity becomes 
W,’. If the direction of the arrow W,’ 
and the form of the blades are now 
closely observed, it will be seen from 
the diagram—and both theory and ex- 
periment confirm the fact—that under 
these circumstances no diversion of the 
flow can take place. The relative veloc- 
ity W,’ at the outlet from the blading 
is then equal to W,’, so that there is no 
increase in pressure. If C,’ were a little 
greater still, the direction of W,’ would 
even be such that a diversion would 
take place in the opposite direction. In 
that case W,’ would be greater than 
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U Peripheral velocity of runner 

Wi, Relative inlet velocity of air to runner at the absoiute velocuy of ap- 
proach C; 

Wi" Relative inlet velocity of air at the absolute velocity of approach Ci 

We Relative outlet velocity at the absolute velocity of approach Cy 

We" Relative outlet velocity at the absolute velocity of approach Cy 


Fig. 25. Diagram illustrating the deflection of flow by the runner blades 
of an axial compressor with varying delivery. 


W,’, and the result would be exactly 
the opposite of a diffuser action, i.e. 
the runner wheel would produce a drop 
in pressure. Exactly the same applies to 
the guide wheel. On the other hand, a 
slight reduction in the velocity C, of 
the air approaching the runner wheel 


fe) 


Q, 


pth Theoretical pressure characteristic 

Actual pressure characteristic 

N Input curve 

Q Delivery quantity 

Normal service point 

B Service point with no pressure and maximum delivery 
P = Surging limit 


Fig. 26. Characteristic of an axial compressor. 
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would greatly increase the diversion in 
the wheel and with it the diffuser effect. 


Exact theoretical analysis shows that, 
if all friction effects be disregarded, 
pressure and quantity are again related 
by a linear law represented in Fig. 26 
by the straight line p,,. This line, how- 
ever, is considerably steeper than that 
of the radial compressor because, as ex- 
plained above, very slight changes in 
the quantity of flow per unit time, or in 
other words in the velocity C,, deeply 
influence the generation of pressure. 
The pressure actually produced is again 
always below the theoretical figure on 
account of frictional phenomena, the dif- 
ference between the two once more be- 
ing smallest under the conditions of flow 
for which the machine is designed, i.e., 
at the normal service point A. It natur- 
ally becomes greater the farther the 
delivery moves from this point, in 
whichever direction. We thus obtain 
the curve p as the effective delivery 
characteristic of the axial compressor. 


As already mentioned, a diffuser only 
works correctly when the medium flow- 
ing through it actually follows the 
bounding walls, in our case therefore 
the surface of the blades. If the deflec- 
tion in the runner wheel becomes. too 
great, this condition is no longer ful- 
filled, and finally a critical point is 
reached—point P in Fig. 26—at which 
the pressure suddenly drops off. This is 
the surging limit of the axial compres- 
sor. 


The power requirements of the axial 
compressor depend on the fact that the 
diversion of the flow in the runner 
wheel creates reaction forces directed 
against the blades, which must be over- 
come by the driving unit. As a slight 
increase in the velocity of approach 
of the medium greatly reduces the de- 
gree of diversion, these reaction forces 
—and with them the input—decrease 
tapidly as the delivery quantity in- 
creases. In principle the input of the 
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axial compressor therefore falls with 
increasing delivery. This reduction is 
less marked in practice than in theory, 
as again frictional forces have to be 
taken into account, and these increase 
with the velocity of flow. On the other 
hand, when the delivery is decreased 
to any extent, the influences of the 
greater diversion and the smaller quan- 
tity, together with all subsidiary influ- 
ences, approximately balance each other, 
so that the forces acting on the blades 
and consequently the input remain al- 
most unchanged. The result is the input 
curve N plotted in Fig. 26. 


A comparison of Fig. 14 with Fig. 
26 illustrates the fundamental differ- 
ence between the characteristics of 
radial and axial compressors. Above 
all the pressure characteristic of the lat- 
ter is very much steeper. When the 
speed of a compressor is fixed, its de- 
livery is limited to a certain effective 
range stretching from the surging limit, 
ie., the quantity Oni, in the diagrams 
of Fig. 14 and Fig. 26, to the point 
at which the pressure becomes nil, i.e., 
the quantity Qnax. The distance between 
QOmin and is much greater in the 
radial compressor than in the axial 
type. The former is therefore much 
more adaptable to fluctuations in the 
delivery quantity. On the other hand, 
the pressure of the axial compressor 
can be raised well above the value p, 
of the normal service point A, while the 
pressure increase possible in the radial 
compressor is only very small, as a 
comparison of the maximum pressures 
in the two diagrams at once reveals. 


In considering these characteristics, 
we have so far assumed that the speed 
remains constant. If instead the speed 
is varied, a new pressure characteristic 
will have to be plotted for every speed. 
This gives us the general characteristic 
curves shown in Fig. 27, that on the 
left being for a radial and that on the 


right for an axial compressor. The 


lighter elliptical curves indicate the 


{ 
| 
= 
Xl 


n: Characteristics at various compressor speeds 


efficiencies under the various working 
conditions. 


A comparison of the basic differences 
between axial and radial compressors 
and of the other special features they 
each have to offer makes it quite clear 
that absolute .superiority cannot be 
claimed for either type, but that a num- 
ber of considerations will have a bear- 
ing on the selection of the best type 
for any given duty. Among other things, 
the means of regulation must also be 
taken into account. 


The advantages of the axial compres- 
sor are still little known in many 
branches of industry, and it is there- 
fore to be expected that this machine 
will find numerous new applications. in 
coming years. It should be of particular 
interest to the smelting industry, as it 
is highly suitable for producing air 
blast. The large quantities of air re- 
quired for blast furnaces bring very 
high compressor inputs with them, and 
the recent tendency to build bigger blast 
furnaces only emphasizes this fact. 
Under these circumstances the good 
efficiency of the axial compressor gains 
greatly in importance, while its steep 
characteristic and its consequent pres- 
sure reserve are likewise strong points 
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Fig. 27. Comparison of the general characteristics of radial and axial compressors. 
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po. Qo Pressure and delivery at normal service point 


in its favor. At times when hanging of 
the charge occurs in the furnace, this 
compressor type enables the air to be 
forced through at much higher pressure, 
so that the trouble is quickly remedied. 


The apprehension is sometimes voiced 
that the axial compressor is too delicate 
and sensitive for the rough service of 
smelting works. Such misgivings are 
unfounded. The axial compressor is no 
more sensitive mechanically than the 
steam turbine, which has long been used 
with success in the smelting industry. 
The sensitivity of axial compressor blad- 
ing to fouling has likewise been fre- 
quently exaggerated. 


It is clear from the above remarks 
that the selection of the correct com- 
pressor type for a given application is 
not a simple matter. It raises a number 
of problems which are often of a com- 
plex nature and can only be satisfac- 
torily solved by close collaboration be- 
tween manufacturers and purchasers. 
The earlier such collaboration begins, 
the longer will be the time available for 
the conscientious investigation of all the 
questions involved, and the firmer will 
be the guarantee that the solution found 
is both technically and economically the 
best possible one. 
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GAS TURBINE COMPRESSORS 


COMPRESSORS FOR 
AIRCRAFT GAS TURBINES 
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This article was published in the December 15, 1950 issue of “Engineering.” 
The drawings are from the December 14, 1950 issue of “Flight,” which contained 
an article on the same discussion. The article is a report of a debate before the 
Royal Aeronautical Society on the relative merits of centrifugal and axial com- 
pressors for aircraft gas turbines. This article should be compared with the 
Sulzer article “Radial versus Axial Compressors,” also reprinted in this issue of 
the JoURNAL, inasmuch as they point up the areas of agreement and disagreement 
between the Swiss and British points of view. 


A discussion on the relative merits 
of centrifugal and axial compressors 
for aircraft gas turbines was held on 
Thursday, December 7, at a meeting of 
the Royal Aeronautical Society, with 
the President, Major G. P. Bulman, in 
the chair. The case for the centrifugal 
compressor was stated by Dr. E. S. 
Moult, B.Sc., M.I.Mech. E., F.R.Ae.S., 
supported by Mr. J. L. P. Brodie, M.L.- 
Mech. E., A.F.R.Ae.S., both of the de 
Havilland Engine Company, Limited; 
and for the axial-flow compressor by 
Mr. H. Pearson, B.A., A.F.R.Ae.S., 
with Mr. A. C. Lovesey, O.B.E., B.Sc., 
F.R.Ae.S., of Messrs. Rolls-Royce Lim- 
ited. 


Dr. Moult, who opened the discussion, 
said that the axial compressor was more 
efficient at its design condition, but axial 
blading was very sensitive to changes 
in incidence; in flight, a wide range of 
loads and speeds must be covered. In 
the interests of stability, there must be 
some sacrifice of efficiency at certain 
points. Experience had shown that the 
centrifugal compressor would maintain 
a high efficiency over its whole working 


455 


range, and it was less susceptible to the 
effects of Reynolds number than the 
axial compressor which might lose 5 or 
10 percent in efficiency between sea 
level and 40,000 ft. altitude. The diam- 
eter of the conventional centrifugal 
compressor was usually larger, for a 
given rate of air flow, than that of the 
corresponding axial unit. In some in- 
stallations this would not matter; for 
example, to give the necessary room 
for pilot, guns, etc., the diameter of the 
Vampire fuselage could not be reduced. 
Recent developments showed that it was 
possible at least to halve the frontal 
area of existing centrifugal compressors 
for the same through-put. 


The best results from a gas turbine 
were, he said, attained only when the 
compressor and turbine reached their 
peak efficiency simultaneously. The 
sharp characteristics of the axial com- 
pressor made this matching process 
more difficult, and an axial compressor 
might have to be re-bladed many times 
before achieving the desired perform- 
ance. For most compressors, the point 
of maximum efficiency lay near the 


a 
q 
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surge line, and for the axial compressor 
it was difficult to steer a safe course 
between instability and efficiency. To 
pressurize the cabin or to de-ice the 
airframe it was convenient to bleed-off 
air from the compressor. This was 
straightforward up to about 10 percent 
of the flow with the centrifugal impel- 
ler, but was much more critical with 
an axial compressor. The cost of the 
axial-flow compressor was perhaps twice 
that of the corresponding centrifugal 
type, mainly due to the problems of 
manufacture, extremely fine limits were 
essential for good performance. The 
centrifugal impeller was practically un- 
affected by vibration, dirt, snow or ice, 
and continued to give unimpaired per- 
formance after many hundreds of hours’ 
service. Axial compressors were much 
more susceptible to these effects; losses 
of 5 to 10 percent had been experienced 
in the course of a 150-hour type test. 
Vibration problems were much more 
complex for the axial compressor; to 
avoid all the resonant frequencies on 
all the blades over the whole speed 
range was well-nigh impossible. Be- 
cause of its speed and working tempera- 
ture, ice would not stick to the centri- 
fugal impeller in quantities likely to 
affect its performance; it could, in fact, 
accept quite large lumps of ice. 


Mr. H. Pearson said that test results 
showed that at almost any compression 
ratio up to 7 to 1, the axial compres- 
sor gave 7 percent better efficiency. The 
reason, he thought, was that the axial 
compressor imparted some velocity to 
the air, which was then changed to 
pressure, and the process was repeated, 
preserving reasonable velocities relative 
to the rotating parts, whereas the centri- 
fugal compressor tried to give all its 
velocity in one stage and attempted to 
change that high velocity to pressure, 
with very high losses. The axial com- 
pressor passed some three or more times 
as much air as the centrifugal com- 
pressor of the same frontal area. Even 
if, on a centrifugal installation, diffu- 
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sion were carried out axially, the centri- 
fugal compressor would be only half as 
good as the axial compressor. 


Weight, he said, was a difficult subject 
to discuss logically; it was easier to 
consider the bulk of a compressor. He 
had, therefore, plotted the useful power 
divided by the longitudinal-sectional 
area through the compressor, i.e., its 
length multiplied by diameter. This gave 
a method of comparing compressors in- 
dependently of their size, avoiding the 
square-cube law. On this basis the axial 
compressor was shown to be twice as 
good as existing centrifugal installa- 
tions, and 50 percent better than they 
could eventually achieve. The super- 
sonic axial compressor would ultimately 
put the centrifugal engine out of exist- 
ence; some large sacrifices in efficiency 
might have to be made, but the frontal 
area would be much smaller and the 
bulk about one-seventh. Discussing the 
ability of the compressor to operate 
satisfactorily away from its design 
point, he claimed that if the turbine- 
outlet conditions were considered, axial 
and centrifugal compressors showed 
comparable characteristics. The axial 
compressor could be split up into stages, 
and the performances analyzed and even 
tested separately. Rig tests on cascades 
of blades representing the turbine and 
compressor blades could be carried out 
without serious discrepancy, and al- 
though this technique was not directly 
applicable to the three-dimensional prob- 
lem, it had enabled a thorough knowl- 
edge of the behavior of the blading to 
be acquired. No such analysis was pos- 
sible for a centrifugal impeller, because 
each part of the engine required the 
presence of the others for correct func- 
tioning. Moreover, all the concepts and 
methods of wing theory were readily 
carried over to axial-compressor blade 
rows, whereas in the centrifugal impel- 
ler progress depended upon a large 
number of ad hoc tests. 


Mr. J. L. P. Brodie said that the 
axial compressor, with its many small 
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typical axial compressor. 
typical centrifugal compressor. 


Fig. 1. Curves of pressure/volume charogteristics for axial and cen- 
trifugal compressors of equal pressure-fatio. The mass-flows have 
been adjusted to correspond at 100 per cent. r.p.m. (Moult.) 


Fig. 2. Comparative outlines of a typical axial and a possible cen- 
trifugal power unit of equivalent air mass-flow and thrust (Moult.) 
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accurately-manufactured blades and 
discs, was expensive in man-hours, fac- 
tory space and capital equipment. Close- 
to-size forging was probably the most 
economical method of producing small 
axial-compressor blades. For a compres- 
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sor of, say, 12 stages, by duplicating 
the blade forms as frequently as possi- 
ble throughout the engine and cropping 
them to suit their individual stages, at 
least 16 sets of dies, costing between 
500/. and 6001. each, would be required. 
The estimated production from each die 
would be, roughly, 3000 in aluminum, 
1500 in aluminum bronze, and between 
300 and 500 in stainless steel. The cost 
of the blades would vary between 5s. 
and 3l. each. They would require ma- 
chining on the root attachment and on 
the leading and trailing edges and tips, 
involving 0.25 to 0.50 man-hour per 
blade. The die for centrifugal-compres- 
sor blading would probably cost some 
ten times more, but it had a life of some 
thousands of forgings; the limits of 
accuracy on the centrifugal blade forms 
were much lower. In this country little 
had been done yet to develop special 
machine tools for handling large quan- 
tities of axial-compressor blades with 
the necessary accuracy. The vulner- 
ability of the axial compressor was, and 
would probably remain, its greatest 
weakness. The drop in performance due 


ie 
Fig. 4. (right) Characteristics of two actual compressors at the same 


compression ratio and scaled to the same mass-flow. The relative 
signs are also shown, together with the working-lines. (Pearson.) 
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to fouling in use of the compressor was 
higher for the axial-flow type. Cleaning 
methods were being developed, but they 
did not reduce the erosion of the blade 
surfaces after many hours of operation ; 
a decreasing return was obtained from 
each subsequent cleaning. 


Mr. A. C. Lovesey said that, although 
less development time had been spent on 
the axial-flow engine than on the cen- 
trifugal type, the axial engine was far 
more efficient under all conditions. This 
statement was based on some precise 
flight-testing data which had been ob- 
tained on both types, over a wide speed 
range and at altitudes higher than 
50,000 ft. The axial engine gave an aver- 
age specific fuel consumption lower by 
17 percent. Due to the difference be- 
tween the specific consumption and the 
drag of centrifugal and axial engines of 
equal thrust, an aircraft which had been 
fitted with both types showed a range 
reduced by at least 20 percent with the 
centrifugal installations. Two engines, 
one of each type, had been developed 
by the same design team. Both engines 
gave a specific weight of 0.282 Ib.- 
weight per pound-thrust, and both oper- 
ated at the same flame temperature, but 
the axial engine gave 70 percent greater 
thrust per square foot of frontal area. 
Axial-flow engines were being flown 
today with far better flexibility and 
handling characteristics than any centri- 
fugal engine. Acceleration times, from 
idling to maximum thrust, of 5 seconds 
on the ground and 3 to 4 seconds in flight 
were being obtained. The reliability of 
the axial type was just as high as that 
of the centrifugal type, and the axial 
compressor was kinder to the combustion 
equipment. It had been found to be not 
much more vulnerable to the effects of 
ice and other foreign bodies. Simulated 
icing tests were carried out in flight 
by spraying water into the intake of 
an axial compressor; this resulted in 
ice building up on the inlet stator 
vanes, giving a 20-percent loss of thrust. 
Measures were being taken with sur- 
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face heating to overcome the trouble. 
The engine was not vulnerable to large 
lumps of ice, which frequently became 
detached during the test. The axial 
compressor, in development, was much 
more costly than the centrifugal type, 
but the cost would come down rapidly 
as production increased. Blades could 
now be pressed to size, instead of being 
forged. 


In the general discussion which fol- 
lowed, Major Halford pointed out that 
there were no axial jet engines in serv- 
ice in the Royal Air Force today, and 
that if war were to break out tomorrow, 
it would be fought largely with centri- 
fugal machines throughout the world. 
The axial design had to be much 
cheaper and easier to make. Mr. Love- 
sey, he said, had not stated how long it 
took to warm up the axial engine to 
idling speed. The next speaker, Mr. F. 
M. Owner, said that the space available 
in the aircraft was getting steadily 
smaller. An engine, he thought should 
not be much larger than 1 meter in 
diameter, whatever its output. There 
was no possibility of getting even a two- 
stage centrifugal-type engine of 10,000 
Ib. thrust into that diameter. Moreover, 
for increasing its specific output, the 
compression ratio and the component 
efficiency of a jet engine must be raised. 
The two factors of increasing speed 
with increasing output, and the increased 
compression ratio, made the develop- 
ment of pure axial-flow compressors 
essential, whatever the difficulties to be 
overcome. 


Mr. L. J. Cheshire said that there was 
no question that the céntrifugal design 
was simple to produce, which might 
soon be a vital consideration. The de- 
velopment of the centrifugal compressor 
ought not, therefore, to be dropped; 
some attention should be paid to its 
aerodynamics, which had been neglected 
in this country and America. The next 
speaker, Mr. H. Constant, did not agree 
that further work should be done on 
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the centrifugal compressor. He con- 
sidered that the axial compressor was 
15 percent more efficient than the centri- 
fugal, and that in frontal area the ratio 
was two to one in favor of the axial- 
flow type; he thought also that it was 
as light as the centrifugal form. Prob- 
ably not more than two of the four 
factors—lower weight, better fuel con- 
sumption, better thrust per unit frontal 
area, or lower cost—could exist simul- 
taneously. 


Dr. H. Roxbee Cox thought that there 
was probably a place for both types of 
engine, the axial compressor engine for 
very high thrusts and the robust, reli- 
able and easily-produced centrifugal en- 
gine for smaller sizes and for civil use. 
It would be wrong, therefore, to neglect 
the development of the centrifugal com- 
pressor. His views were shared by the 
speaker who followed, Mr. G. R. Ed- 
wards, who thought that the centrifugal 
compressor derived its reliability from 
its development from the well-established 
centrifugal supercharger. Vulnerability 
to impacts was, he suggested, largely 
a function of blade size. A high-per- 
formance long-range aeroplane had to 
be small, with limited room for the en- 
gines and fuel. A subsequent speaker, 
Mr. S. Butler, said that in this country 
a die-life of 1000 stainless-steel blades 
had been achieved. The forging indus- 
try had not yet been put to the test of 
producing cheap blades for axial com- 
pressors. The following speaker, Mr. 
C. M. Wilde, attributed the lower effi- 
ciency of the centrifugal impeller to the 


high Mach numbers at which it had to | 


be run, and the consequent high losses 
in the diffuser. He thought that unless 
diffusers could be designed more effi- 
ciently, there was no hope of operating 
a centrifugal impeller at a pressure 
ratio greater than 4 to 1. 


Replying to the discussion, Mr. Pear- 
son said that he did not agree that 
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variations in Reynolds number. had a 
more adverse effect on axial compres- 
sors ; flight tests suggested that the axial 
compressor might, in fact, be better in 
this respect. The large axial compressor 
could be made as reliable and invulner- 
able to impact damage as the centrifugal 
compressor. 


Dr. Moult, in his reply to the discus- 
sion, said that some discretion must be 
used in interpreting all the figures put 
forward. An axial-flow engine develop- 
ing 30 lb. thrust per square foot of frontal 
area had been mentioned; his impres- 
sion was that current axial machines 
had achieved half that figure. He had 
shown a centrifugal engine which had 
developed 14 Ib. thrust per square foot, 
which did not compare badly with the 
axial engine. The value of efficiency, he 
thought. could be overrated. Rockets, 
ram-jets, and re-heat were all most 
effective used in their proper sphere. As 
the speed of flight increased the gap 
between the test-bed efficiencies of axial 
and centrifugal compressors was nar- 
rowed by the effect of ram compres- 
sion, which with a good intake raised 
the level of overall compression effi- 
ciency. 


In summing up the discussion, the 
President said that British jet engines 
could still be said to be the best in the 
world, largely because there had been 
no idea that there was only one right 
way. He had hoped that more would 
have been said about production. Those 
who had to decide policy might be right 
in allotting a very large proportion of 
the design and development effort to the 
axial engine and its application to pro- 
totype aircraft. It was no good having 
very fine engines on paper or in a few 
prototypes if they could not be made in 
quantity at the right time. Therefore 
he hoped that attention was being given 
not only to efficiency, but also to the 
production side. 
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DENNY-BROWN STABILIZING GEAR IN 


THE P. AND O. TWIN-SCREW 


PASSENGER LINER “CHUSAN” 


ACKNOWLEDGMENT 


This article was published in the December 29, 1950 issue of “Engineering.” It 
describes the Denny-Brown stabilizing gear in the British ship Chusan. 


The entry of the twin-screw passen- 
ger and cargo liner Chusan into the Far- 
Eastern service of the Peninsular and 
Oriental Steam Navigation Company 
marked the end of the owners’ post-war 
passenger-vessel building program. 
Built by Messrs. Vickers-Armstrongs 
Limited, at their Barrow-in-Furness 
yard, the Chusan is the largest passen- 
ger liner to be completed anywhere in 
the world during 1950. The vessel was 
ordered in May, 1946, the keel was laid 
in February, 1947, and on June 25, 1949, 
she was launched by Viscountess Bruce, 
wife of the Rt. Hon. Viscount Bruce of 
Melbourne, who is a director of the P. 
and O. Company. The Chusan was com- 
pleted by June, 1950, and after her trials, 
left on a series of cruises before joining 
the Carthage, Canton and Corfu in the 
Far Eastern service. 


The most interesting technical feature 
of the Chusan is, undoubtedly, her 
Denny-Brown stabilizing gear. This 
gear, which is designed and manufac- 
tured by Messrs. Brown Brothers and 
Company, Limited, Rosebank Ironworks, 
Edinburgh, in association with Messrs. 
William Denny and Brothers, Limited, 
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Dumbarton, is, of course, not new as, 
during the war, many vessels of the 
destroyer and escort class were so fitted. 
Some cross-channel packets also have 
been equipped, notably the Maid of Or- 
leans, built by Messrs. Denny for British 
Railways, Southern Region, and put 
into service in June, 1949, but hitherto 
the largest ship provided with stabilizers 
had a displacement of some 3000 tons, 
whereas the Chusan’s displacement is 
approximately 26,000 tons. 


In general, the type of stabilizing 
gear fitted to the Chusan is similar to 
the earlier smaller installations. It con- 
sists of two rectangular fins of aerofoil 
section, disposed one at each side of 
the vessel and projecting from the hull 
in the vicinity of the bilges. The fins 
are arranged so that they can be re- 
tracted into the hull of the vessel; when 
extended, they lie in the natural stream- 
line and offer, therefore, very little re- 
sistance, acting as extra bilge keels. 
A photograph showing the starboard 
fin extended is reproduced in Fig. 35. 
Each fin is mounted on a shaft in the 
same manner as a balanced rudder, but 
with the shaft approximately horizontal 
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Fic. 35.—Starboard fin in extended position 


and the axis disposed so that the fin is 
hydrodynamically balanced; the torque 
required to produce angular movement 
of the fin, therefore, is relatively small. 
To stabilize the vessel, the fins are tilted 
about the axes of their shafts, the con- 
trolling and operating mechanism being 
synchronized so that their angular 
movements are equal and opposite. In 
the case of the ship being rolled to 
starboard by wave action, the fins are 
set so that the starboard fin has a positive 
angle of attack and the port fin a nega- 
tive angle of attack. The forward veloc- 
ity of the ship causes the water to exert 
an upward force on the starboard fin 
and a downward force on the port fin, 
thereby setting up a righting couple 
which counteracts the force tending to 
cause rolling. Obviously, a rapid re- 
versal of the fins is necessary at the 
completion of each roll to obtain the 
maximum righting moment on _ the 
hull and, in the Chusan, this reversal 
takes place in 1% seconds, during which 
period the fins may move through their 
maximum angle of 40 deg.; this may 
be contrasted with the 30 seconds usu- 
ally required to move a rudder through 
70 deg. 


Hydraulic machinery is employed for 
tilting the fins and retracting them inside 
the hull. The mechanisms for the port and 
starboard fins are exactly the same, but to 
opposite hands ; drawings showing eleva- 
tional and plan views of the port stabiliz- 
ing gear are reproduced in Figs. 41 and 
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42, respectively, and the complete hydrau- 

lic system, together with the associated 
mechanical linkages, is shown diagram- 
matically in Fig. 38. Power for tilting 
the fins is supplied by two size 24 Mark 
III VSG variable-delivery pumps, each 
driven by a 50-hp. electric motor; and a 
size 6 Mark III VSG pump, known 
as the servo pump, supplies power for 
housing and extending the fins and 
operating the tilting-gear control cyl- 
inder. The tilting movement of the fins 
is controlled by small gyroscopes; two 
of these units are used, one of which 
measures the rolling velocity of the ship 
and the other the angular displacement, 
the outputs being combined in any de- 
sired ratio to effect the best control. 
The forces developed by the gyroscopes 
are, of course, small and therefore have 
to be amplified. This is achieved by 
means of a sensitive hydraulic-motor 
unit developed by the Admiralty, the 
signals being transmitted from the gyro- 
scopes to the hydraulic unit by a system 
of “magslips.” The magslip is, of course, 
well known as a device for the electrical 
transmission of angular displacements 
and, by using senders and receivers, it 
is possible to transmit such movements 
over considerable distances. The dis- 
placement gyroscope is provided with 
two magslip transmitters, either of 
which can be connected through a suita- 
ble switch to a further magslip trans- 
mitter operated by the velocity gyro- 
scope. By this means it is possible to 
add the motions of the two gyroscopes 
algebraically, the sum being passed to 
the hydraulic-motor unit, which copies 
the motion with sufficient increase in 
power to operate a cam. The cam fol- 
lower is connected to the control valve 
of the hydraulic tilting gear. 


The cam and follower are lettered k 
and l, respectively, in Fig. 38, and it 
will be noted that the follower is con- 
nected through a suitable linkage to the 
piston of the tilting control valve. This 
valve admits oil from the servo pump 
to one side or the other of the tilting- 
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control cylinder which, together with 
the servo pump, forms the servo-power 
unit. It will be seen from Fig. 38, how- 
ever, that the tilting-control cylinder 
is divided by a transverse central plate 
into two separate cylinders, each of 
which contains a piston drilled along 
the center line to allow entry of the 
pressure oil. The two pistons are sta- 
tionary, their outer ends being fixed to 
the supporting framework of the servo 
power unit, whereas the cylinder assem- 
bly is free to move horizontally. The 
tilting control valve is designed so that, 
when one cylinder is opened to the 
servo-pump delivery, the other is auto- 
matically connected to the servo oil 
tank, the cylinder assembly moving to 
the right or left according to the direc- 
tion of flow of the oil. 


The movement of the cylinder barrel 
is transmitted through a system of links 
and levers to the. swashplates of the two 


pumps which deliver oil to the fin tilt- 
ing rams, the linkages operating the port 
and starboard fins being identical but, 
of course, to opposite hands. The action 
of the linkage can be followed by refer- 
ence to Fig. 38, from which it will be 
seen that the cylinder barrel is pro- 
vided with lugs connected by the pull 
and push rods a to the levers 6 integral 
with the torsion shafts c, the levers con- 
verting the linear motion of the cylin- 
der into rotary motion of the shafts. 
Further levers fitted to the opposite ends 
of the shafts are connected through the 
links d, e and f to the levers g which 
are keyed to the operating shafts of the 
pump swashplates. Any movement of 
the control cylinder therefore causes a 
corresponding movement of the pump 
swashplates. 


Hunting gears are fitted to the con- 
trol cylinder and both fin-tilting pumps; 
otherwise it would not be possible to 
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get movement of the fins in proportion 
to the signal transmitted by the gyro- 
scopes. The hunting gear for the control 
cylinder is shown in Fig. 38, from which 
it will be seen that one end of the arm h 
which operates the tilting control valve 
is connected by a linkage to the body 
of the control cylinder. When the valve 
is actuated by the gyroscopic-control 
unit, the subsequent movement of the 
control cylinder is transmitted through 
the linkage back to the arm / and 
moves the valve in the opposite direc- 
tion to that imposed by the gyroscopes, 
thereby returning it to the closed posi- 
tion. For the tilting pumps, the hunting 
gear in each case is operated by a lever 
keyed to the end of the fin-tilting shaft. 
The lever for the starboard hunting gear 
is lettered 7 in Fig. 38, and it will be 
seen that it is connected by a system 
of shafts and levers to the arm e of the 
pump control linkage, the system of 
shafts and levers being arranged so that 
movements of the fin in response to the 


Fic. 39.—Tilting mechanism for port fin installed in vessel 


pump automatically returns the pump 
lever g to the neutral position. Those 
who know Messrs, Brown Brothers’ 
electro-hydraulic steering gear will real- 
ize that the stabilizer mechanism bears 
a close resemblance to that gear, the 
gyroscopic-control unit taking the place 
of the helmsman and the control cylin- 
der the place of the telemctor receiver. 


The tilting gear for each fin consists 
of a pair of opposed cast-steel cylinders 
fitted with a single double-ended ram, 
each assembly being bolted to the in- 
board end of the box-like structure 
which houses the fin in the retracted 
position. Fig. 47 shows the linkage 
which transmits the motion to the fin 
shaft. The linkage can also be seen in Fig. 
36, which shows the operating gear for 
the port fin erected in the shops of Messrs. 
Brown Brothers; and in Fig. 39, which 
shows the gear erected in the Chusan. As 
will be seen from Fig. 47, the piston is 
connected through a Rapson slide to the 
fixed tilting lever. This is keyed to the 
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Fic. 36.—Operating linkage for port fin 


tilting shaft and is joined to the slid- 
ing lever through a dog clutch, one half 
of which is integral with the fixed lower 
lever and the other half with the upper 
sliding lever. The motion is, in turn, 
transferred to the fin-shaft lever by the 
top link, the fin-shaft lever, of course, 
being secured to the fin shaft. 


The term “sliding” is used in con- 
nection with the upper lever owing to 
the fact that, during retraction or ex- 
tension of the fin, it moves, together 
with the fin-shaft lever, to the inboard 
position. In Fig. 39, the fin is in the 
retracted position; in Fig. 36, the fin 
is in the extended position and the dog 


clutch is engaged, thereby rendering 
the fixed and sliding levers virtually 
solid. Retraction and extension of the 
fins is carried out hydraulically and the 
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method by which this is achieved can 
best be understood by reference to Fig. 
37. This shows a plan view of the port 
fin in the extended, or working posi- 
tion, and it will be noted that the fin 
shaft is in two parts, a solid outer por- 
tion being bolted to an inner portion 
bored out to form a cylinder. The shaft 
was made in two parts to facilitate in- 
stallation, as this had to be carried out 
in a dry dock after the vessel had been 
launched. The outboard end of the fin 
shaft is supported in a sliding cross- 
head arranged to run in guides secured 
to the inside of the fin box and, at the 
inner end, the shaft passes through, and 
is located by, a gland assembly. The 
cylinder formed in the inner portion of 
the shaft is fitted with a piston, the rod 
for which is anchored to the ship’s 
structure so that if oil under pressure 
is admitted, to the right hand side of 
the piston, as viewed in Fig. 37, it will 
react against the “cylinder” cover and 
move the fin shaft to the right, thereby 
causing the fin to be retracted. Con- 
versely, once the fin has been retracted, 
admission of oil to the left-hand side of 
the piston will cause the fin to be ex- 
tended. 


Housing and extending the fins is 
controlled by small electric switches 
situated on the bridge and a further set 
of switches is arranged inside the sta- 
bilizer compartment to give local con- 
trol when required. Operation of either 
the housing or extending switch ener- 
gizes one of a pair of solenoids and, 
by means of the housing-control valve. 


admits fluid from the servo VSG pump 
to either side of the housing piston in 
accordance with requirements. To pre- 
vent “bumping” of the fin shafts at each 
end of the stroke, tappet-operated cush- 
ioning valves, designed to slow down 
the last 3 in. of movement, are incor- 
porated between the control valve and 
the housing piston. : 


In practice, two ranges of pressure 
are used in the hydraulic system, namely, 
between 600 Ib. per square inch and 
1100 Ib. per square inch for housing 
and extending the fins, and between 
220 Ib. per square inch and 400 Ib. per 
square inch for operating the tilting 
gear. To give the two different pressure 
ranges, the servo pump is fitted with a 
control; this is shown diagrammatically 
in Fig. 38, from which it will be seen 
that it consists of a piston opposed by 
a spring, the piston rod being arranged 
to operate the swashplate of the servo 
pump. The underside of the piston is 
connected directly to the delivery side 
of the pump and, when the pressure rises 
above a predetermined level, the spring 
is compressed and the tilt of the pump 
swashplate reduced with consequent re- 
duction of discharge. Any fall in pres- 
sure, on the other hand, causes the 
spring to extend and increase the out- 
put from the pump. The two ranges of 
pressure are obtained by connecting the 
right-hand side of the piston, as viewed 
in Fig. 38, either to the delivery from 
the pump or to atmosphere. The higher 
pressure range is obtained in the former 
case as the effective area on which the 
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Fig.49. 


fluid acts for compressing the control 
spring is only that of the piston rod 
and it will be apparent that, when the 
right-hand side of the piston is open 
to atmosphere, the low-pressure range 
will be obtained. Operation of the hous- 
ing-control valve automatically sets the 
servo VSG pump to the high-pressure 
range when housing and extending the 
fins and returns it to the low-pressure 
range when either of these two opera- 
tions are completed. A separate variable- 
delivery pump, driven by a 2-hp. motor, 
is incorporated in the hydraulic circuit 
for housing and extending the fins when 
the main power supply is not available. 


To keep the dimension of the fin to 
a minimum and, at the same time, obtain 
maximum possible lift from a minimum 
angle of movement, a special design of 
fin is employed. Briefly, it consists of 


two parts, the main portion being fitted: 


to the finshaft and tilting about the 
center of the shaft, and a tail flap hinged 
to the trailing edge of the main fin and 
operated by a system of links designed 
so that its angular movement is always 
greater than that of the main fin. The 
action of the linkage will, possibly, 
best be understood by reference to the 
diagram reproduced in Figs. 48 and 
49, in which the main fin is lettered a 
and the tail flap b. The shaft c is solid 
with the tail flap and has keyed to it 
the arm d which, in turn, is connected 
to the base of the swinging link e. The 
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top of the swinging link is anchored 
to the outer face of the crosshead, which 
serves to locate the main fin shaft. If 
the fin is given, for example, a negative 
angle of attack, the arm d will react 
against the base of the swinging link 
and cause the tail flap to take up the 
position shown. Conversely, if the fin 
is given a positive angle of attack, the 
action of the tail flap will be reversed. 
As will be seen from the diagram, the 
tail flap is moved through an angle of 
30 deg. in relation to the main fin. 


As previously mentioned the operation 
of the hydraulic tilting machinery is 
determined by the gyroscopes working 
in conjunction with a hydraulic motor 
unit. This is known as the A.R.L. con- 
tinuous-control unit and comprises a 
small, exceptionally sensitive oil unit 
which drives the tilting-control cam 
through a gearbox. The oil unit con- 
sists of an electric motor arranged to 
drive a hydraulic pump at approxi- 
mately 600 rpm., the pump being de- 
signed to give more or less constant 
pressure regardless of the output. On 
the same axis as the pump, but me- 
chanically separated, is a similar unit 
which serves as a hydraulic motor, 
while between them is a valve designed 
so that, if it is moved in one direction, 
oil is admitted to the hydraulic motor 
to cause clockwise rotation of the out- 
put shaft and, when it is moved in the 
opposite direction, causes anticlockwise 
rotation of the shaft. 
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Above the pump and motor is a casing 
on which are mounted two magslip 
units, namely a hunter which works in 
conjunction with the magslip transmit- 
ters in the gyro unit, and a resetting 
magslip. The hunter magslip is pro- 
vided with an arm approximately 1 in. 
long; this operates a pilot valve move- 
ment of which causes oil to flow into 
small relay cylinders. These, in turn, 
control the movement of the valve situ- 
ated between the hydraulic pump and 
motor. When the gyroscopes are at 
rest, the transmitters in the gyroscope 
unit hold the hunter in its central posi- 
tion and the hydraulic motor remains 
stationary. Movement of either the dis- 
placement gyroscope or velocity gyro- 
scope, however, operates the associated 
magslip transmitter and causes the 
hunter to follow and initiate movement 
of the hydraulic motor and, therefore, 
the tilting-control cam. The output 
shaft of the hydraulic motor is also 
coupled to the rotor of the resetting 
magslip, which is so arranged that, as 
the motor moves in response to the 
hunter, the signal from the resetting 
magslip opposes that from the gyro- 
scopes and returns the hunter to its 
central position. 


To appreciate the reason for using 
both displacement and velocity gyro- 
scopes, it is, perhaps, best to consider 
the vessel rolling in a beam sea and a 
following sea, respectively. With a beam 
sea, the tendency is for the vessel to 
roll heavily in her own period and in 
these conditions experience has shown 
that roll damping, in preference to an 
attempt to keep the vessel upright, is 
the best means of control. Roll damping 
may be expressed as a control which 
opposes the velocity of roll at any mo- 
ment and implies that the tilt of the fins 
should be changed over at the extreme 
position of roll, that is, when the roll- 
ing velocity is zero. If this were effected 
from the velocity gyroscope alone, a 
pause would occur due to the inherent 
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lag in the fin-tilting gear and part of 
the stabilizing time would be lost. By 
combining with the roll velocity an 
opposed-roll vertical signal from the 
displacement gyroscope, however, the 
reversal of the fins can be rendered 
more precise, the signal being trans- 
mitted to the fin-operating gear before 
the true changeover of the roll velocity 
of the vessel. 


In following-sea conditions, however, 
the vessel may experience a long slow 
yaw roll and be held at the heeled-over 
position for an appreciable period of 
time, and the angular velocity, as a 
consequence, may fall to a value insuffi- 
cient to affect the velocity gyroscope. 
If a velocity gyroscope only is used, 
therefore, the fins will center and cease 
to counteract the motion of the vessel. 
This action is prevented, however, by 
the displacement gyroscope, the signal 
from which is added to that from the 
velocity gyroscope and acts to prevent 
the fins from centering until a positive 
angular velocity in the opposite direc- 
tion is built up. It will be clear that, 
to meet the different types of rolling 
induced by beam seas and following seas, 
the signal from the displacement gyro- 
scope has to be reversed; it is for this 
reason that it is provided with two 
magslip transmitters, the connecting 
linkages being arranged so that they are 
rotated in opposite directions for any 
given displacement of the gyroscope. 
A change-over switch is provided on 
the navigating bridge and the selection 
of either control is left to the discre- 
tion of the navigating personnel. 


The gyroscopes and their associated 
magslips are arranged so that either a 
tilt of 3 deg. from the vertical, as meas- 
ured by the displacement gyroscope, or 
an angular velocity of 2 deg. per sec- 
ond, as derived from the velocity gyro- 
scope, gives full fin angle tending to 
right the ship. Smaller angles of roll 
and roll velocity produce proportion- 


ally less fin movement and any com- 
bination of these values will produce a 
signal to effect movement of the con- 
trolling cam. For example, a tilt of 6 
deg. to port and a roll velocity of 4 
deg. per second towards the midships 
position will cancel each other; the 
cam, as a consequence, will give a zero 
signal and the fins will remain in the 
neutral position. A roll velocity to port 
of the same value and under the same 
conditions of tilt, however, would give 
a movement of the cam corresponding 
to four times the full fin signal. To 
counteract this, the cam, once it moves 
past the full signal position, is circular 
and the signal passed to the fins, there- 
fore, does not increase. The cam, there- 
fore, has two functions, namely, to 
control the fins in accordance with the 
signal transmitted by the gyroscopes 
and to abscrb those excess movements 
which cannot be translated into fin 
movement. 


The velocity gyroscope is arranged 
so that the axis of the wheel is dis- 
posed horizontally and the casing is 
free to swing about the vertical axis. 
The vertical axis is integral with the 
ship and any roll imposed on the ves- 
sel precesses the gyroscope, this preces- 
sion being limited by spiral springs 
which restrain the movement in pro- 
portion to the velocity of roll. This 
movement is transmitted by the sector 
of a gearwheel integral with the casing, 
which meshes with another wheel fitted 
to a vertical spindle. The spindle is 
provided with a suitable damping device 
and at its upper end is fitted with an 
arm which transmits the movement of 
the gyroscope to the magslip transmit- 
ter. The vertical-keeping or displacement 
gyroscope is vertical and its casing is 
carried by bearings fitted to a horizon- 
tal gimbal supported by two pedestal 
bearings. Two links with ball-and- 
socket joints are secured to the gimbal 
and these are connected to the two 
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magslip transmitters which give beam 
and following-sea control, respectively. 
The gyroscope casing is “bottom-heavy” 
and functions, therefore as a_ long- 
period pendulum. 


Before the fins were fitted to the 
Chusan, an endurance trial was held at 
Barrow, the operation of the fins being 
controlled by the dock-trial gear. With 
the tilting gear moving from hard-over 
to hard-over in approximately 1.8 sec- 
onds and with a 15-second period, the 
machinery was run for 28% hours, in 
which time the performance was quite 
satisfactory. Running temperatures re- 
mained low, the final temperature be- 
ing: starboard main pump, 116 deg. F.; 
port main pump, 122 deg. F.; and the 
servo pump, 103 deg. F. Sea trials were 
carried out while the vessel was pro- 
ceeding from Liverpool to the Clyde for 
her speed trials. As the weather was 
not suitable for demonstrating the sta- 
bilizing effect, the action of the gyro- 
scopes was reversed and the stabilizer 
used to impose a forced roll. These fur- 
ther trials were also successful. The 
roll imposed on the ship exceeding ex- 
pectations and, during the final run at 
20 knots and + 20 deg. fin angle, the 
forced rolling was stopped, by chang- 
ing over the action of the stabilizer, 
before the maximum angle of roll had 
built up. During these tests, the ship’s 
roll was measured by a gyroscopic roll 
recorder and the records obtained 
showed a distinct difference between 
a forced roll allowed to decline natur- 
ally and a forced roll corrected by the 
stabilizing gear. During the vessel’s 
speed trials, two runs on the measured 
mile were carried out with the stabilizer 
fins extended but not operating, and, 
when compared with equivalent runs 
but with the fins housed, no reduction 
in the speed could be observed. As the 
weather gave no opportunity for test- 
ing the stabilizing effect of the gear, 
recourse had to be made again to forced 
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rolling. Two runs were made, in the 
first of which the fin angles were limited 
to + 16 deg. while for the second run 
one fin was housed and the other left 
extended, to demonstrate the practic- 
ability of stabilization with one fin 
only. With both fins in operation, the 


ship’s roll was 28 deg. and with only 
one fin operating, 21 deg. 30 min., the 
fin movement in the latter case being 
+ 20 deg. We understand that experi- 
ence in service has fully confirmed the 
satisfactory functioning demonstrated 
on the trials. 
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ITAZARDS OF SYNTHETIC PLASTICS 


THE HAZARDS OF 
SYNTHETIC PLASTICS 


| Joun V. Grima cpt, Director, Industrial Division, Association of Casualty and 
| Y., is the author of this paper. Contributed 
by the Safety Committee of The American Society of Mechanical Engineers, the 
| article was published in the December 1950 issue of “Mechanical Engineering.” 
| Mr. Grimaldi discusses the fire and toxic hazards of synthetic plastics, and con- 


Surety Companies, New York, 


cludes that plastics do not deserve the concern that has been felt from the stand- 


point of safety. 


Estimates indicate that the increasing 
use of synthetic plastics has not even 
approached its maximum limits. Such 
large industries as automobile manu- 
facturing offer a great potential for the 
employment of plastic products. Even 
today, a casual inspection of such arti- 


While “plastics” as a word and as a 
subject is certainly not new, its grow- 
ing prominence in the industrial realm 
recently has focused attention on the 
fire hazards associated with the manu- 
facture, use, and storage of plastic ma- 
terials. Perhaps much of the present 
concern is the result of earlier experi- 
ences with pyroxylin, one of the first 
plastics. The nitrocellulose in pyroxylin 
burns violently, but most modern plas- 
tics do not have rapid-burning charac- 
teristics. Many have the quality of being 
relatively difficult to ignite (except when 
suspended in air as fine dust). However, 
because the general term “plastics” is 
applied to all synthetic and natural 
organic materials whose principal com- 
ponent is a resinous or cellulose binder 
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cles as household appliances points out 
the current wide use of plastic products 
for decorative purposes and as a sub- 
stitute for metals and other materials. 
The possibilities of plastics may even 
be beyond the limits of imagination. 


and which are capable of being molded 
or cast, many people think of the fire 
hazard without regard to the type of 
plastic involved. 


Even though the fire hazard of syn- 
thetic plastics may not be considered 
extreme, and some people may have been 
concerned unnecessarily, it is important 
to encourage such respect for hazards. 
Such attention means the important 
hazards will be uncovered and given 
the needed consideration, for accidents, 
it must be remembered, in the final 
analysis are always caused by thought- 
lessness or unconcern on the part of 
someone. An understanding, however, of 
some of the more pronounced fire dan- 
gers associated with the manufacture of 


| 

| 
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plastics and the fabrication of plastics 
products may assist in the directing of 
safety efforts where they are needed. 


The hazards that would be related to 
plastics manufacturing run the range 
from the general plant hazards, to the 
hazards identifiable with the particular 
materials, such as flammable solvents 
and dusts, used in the processes. The 
explosion and fire hazards are greatest 
in the manufacturing of the resins and 
in preparing the molding compounds 
for fabrication purposes. In the coating 
and laminating processes the use of 
volatile materials create the principal 
fire dangers. 


In the manufacture of synthetic resins 
the major equipment used is reaction 
kettles or autoclaves, involving the heat- 


OTHER HAZARDS 


Dust and faulty operation at high 
temperatures and pressures offer the 
greatest hazards in plastics fabrication. 
The dust hazards are found in the 
methods of using and handling molding 
powders; the tumbling of molded pieces 
in order to clean and polish them; the 
machining of molded parts; the clean- 
ing of molds and dies with high-pres- 
sure air (also degreasing with flam- 
mable solvents during cleaning presents 
a fire hazard at this time); machine 
buffing of the molded parts to remove 
the excess overflow between the mold 
parting. Hazards are also found in the 
recovery and control of solvents em- 
ployed in spraying, dipping, coating 
and laminating operations. The recov- 
ery of solvents often concentrates the 
impurities present, tending to produce 
lower boiling mixtures and reduced 


Much of the apparent concern over 
the flammability of plastic materials is 


not justified, but is the result. of un- 
familiarity with the chemistry of plas- 
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OF MANUFACTURE 


CHANGE IN CHARACTERISTICS 


ing and refluxing of the reaction mix- 
tures until the required resin formation 
is achieved. Because the reactions, in 
general, evolve high heat, control peri- 
ods are utilized to retard the exothermic 
character of the reactions. (Inasmuch 
as the companies manufacturing resins 
must be staffed with specialists well 
acquainted with the problems connected 
with their processes, it would be a pre- 
sumption to outline those problems 
here). 


The fabrication of the plastic products 
presents other hazardous possibilities. 
Many manufacturers’ fabricating plas- 
tics may not be so well fortified, as are 
the resin manufacturers, with special 
personnel. Therefore, a review of the 
hazards in this phase of the business 
may be of value. 


flush points, and ignition temperatures, 
than existed for the initial solvent. A 
properly designed recovery system adds 
to the safety of the operation, for it 
assures the collection of the volatiles. 
If they were to be permitted to dissipate, 
they might cause health and fire hazards. 
Some of the faith in depending on the 
physical characteristics of the solvents, 
as an indication of their behavior, is 
further shaken when it is realized that 
although the flash points, boiling points, 
and ignition temperatures of pure sol- 
vents are readily available, the impuri- 
ties in the secondary or technical grades 
of solvents used in practice will alter 
these characteristics. Therefore, it is 
necessary to obtain this information 
from the supplier of each solvent or 
determine it in the laboratory. 


tics manufacturing. It is assumed by 
some that the chemical properties of 
the finished plastic product are approxi- 
mately the same as those of the ma- 
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terials from which it was made. For 
example, when the toxic irritant formal- 
dehyde is reacted with the corrosive 
liquid phenol the result is Bakelite, a 
solid infusible plastic, with new and 
different physical and chemical proper- 
ties. Bakelite always will demonstrate 
its individual physical and chemical char- 
acter—not the characteristics of the 
compounds used in its formulation— 
until it is acted upon to transform it to 
another compound. Then the character- 
istics will be those of the new compound. 
The phenol-formaldehyde resins are in 
wide use. 


Another type is the vinyl resins which 
produce translucent materials, which 
may be colored, such as Vinylite and 
Geon and are used in sheeting, combs, 
umbrella handles, etc. 


Polystyrene resins produce much the 
same products as the vinyl resins with 
the exception that they are not applic- 
able for sheetings. These are known by 
such names as Cerex, Plexene and Sty- 


rons. 


In general the synthetic plastics are 
difficult to ignite in comparison with 
wood. An exception is the highly flam- 
mable pyroxylin — more commonly 
known as guncotton. Whether a mate- 
rial will burn and at what rate and 
temperature is a function of its phy- 
sical form and chemical composition. The 
physical form may be of greater im- 
portance than the composition. For ex- 
ample, a fine powder will burn more 
readily than a loosely formed mass, 
which in turn is less difficult to ignite 
than a solid. The dust from even a slow- 
burning plastic will explode when con- 
fined, under the proper conditions. 


The relative flammability of plastics 
has been determined by the burning 
rate in inches per minute for an estab- 
lished gauge thickness. For example, 
cellulose nitrate was found to burn at 
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The ureaformaldehyde resins have 
wide popularity. They produce tough 
lightweight articles, such as the dishes 
known as Beetle and Plaskon ware. 


The methyl methacrylate resins, pro- 
duced as Lucite and Plexiglas, have 
wide application in the manufacture of 
sheeting for airplane cowlings, combs, 
handles, and the like. 


Alkyd resins, such as Glyptal, are in 
coatings of many types ranging from 
varnishes to baking enamels. 


A well-known plastic—cellulose ace- 
tate—is used for making photographic 
safety film, molded plastics, transparent 
sheeting, and it is often woven into 
fabrics. It is frequently known as Tenite 
and Lumarith. 


There are many other resins. Per- 
haps, the best known of all is Nylon, a 
diacid-diamide, which is used for brush 
bristles, thread for hosiery and fabrics, 
and molded plastics. 


Thus it is seen there is a great variety 
of synthetic resins, yet it must be kept 
in mind this list is far from complete. 


10-25 ipm, cellulose acetate at 2.0-4.0 
ipm, polyethylene 1.1-1.4 ipm, and 
methyl methacrylate 0.5-1.0 ipm. It is 
interesting to observe that cellulose 
acetate has the second most rapid burn- 
ing rate, even though its ignitibility is 
low enough for it to be used in the 
manufacture of safety film. However, 
in various experiments it has been shown 
that it is more difficult to ignite than 
pine wood, leather, or cellophane. Once 
ignited, the burning rate of cellulose 
acetate will be dependent upon whether 
a high-boiling plasticizer has been used. 
In general, the higher the boiling tem- 
perature of the plasticizer the more 
rapid the burning rate. 


The selection of fillers has a great 
influence on the flammability of a plas- 
tic product. Organic fillers, such as cot- 
ton, paper, or wood are combustible 
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themselves, while inorganic fillers like 
mica and asbestos will not burn. All 
synthetic plastics, with the exception of 
the silicones, which are largely com- 
posed of silica, will burn if the tempera- 
ture is high enough. Therefore, the 
flammability of a plastic largely com- 
posed of a resin and filler will be 
greater when the filler is organic than 
when inorganic filler is used. 


An experiment was performed to 
demonstrate the effect of fillers. A 
paper-laminated phenolic was found at 
the time to ignite at the same tempera- 
ture as cellulose acetate, 1100 F. A 
molded phenolic plastic with a wood- 
flour filler required a higher temperature 
to ignite. An asbestos-filled molded 
phenolic needed the highest temperature 
of all, 1500 F. before it would burn. 


KNOWLEDGE OF PLASTICS COMBUSTION PROCESSES NECESSARY 


Fire problems cannot be limited to 
the understanding and safeguarding of 
flammables, for when these materials 
do burn, it is necessary for the fire 
fighters to have a knowledge of the toxic 
products of combustion. The composi- 
tion of the plastic determines the de- 
composition products of burning. 


The burning process takes place in 
three steps: 


1. A destructive distillation of the 
material, producing gases whose nature 
depends on the composition of the plas- 
tic. 


2. Uniting of oxygen with free car- 
bon to form carbon monoxide. At this 
time dense smoke is usually formed, 
presenting the additional smoke hazards. 


3. When sufficient oxygen (more 
air) is present it combines with the 
flammable gases, produced in step 1, 
as well as the carbon monoxide from 
step 2. When there is enough air avail- 
able to combine with all the combustible 
materials the carbon monoxide burns to 
form the relatively harmless carbon 
dioxide. Ordinarily, the products of 
complete combustion are less harmful 
than those of incomplete burning. The 
investigation of the possible generation 
of hazardous gases from overheated 
plastics is very incomplete. 


However, knowledge of the composi- 
tion of a plastic will lead to reasonably 
accurate approximations of its decom- 
position products. 


CONCENTRATION OF GASES FROM BURNING PLASTICS 


For example, cellulose acetate and cer- 
tain vinyl plastics when incompletely 
burned produce acetic acid—an unpleas- 
ant irritating vapor when breathed. In 
general, nitrogen-containing plastics, 
such as the urea, melamine, and aniline 
formaldehydes produce hydrogen cya- 
nide and ammonia when incompletely 
burned. An indication of the relative tox- 
icity of these decomposition products may 
be given by the recommended maximum 
allowable concentrations for each. 


1“Threshold Limit Values,” 
July, 1950, p. 98. 


These limits are based on a daily expo- 
sure of 8 hr. For hydrogen cyanide, the 
permissible safe limit is 10 ppm of air. 
For ammonia it is 100 ppm, for acetic 
acid, 10 ppm, and for carbon monoxide 
it is 100 ppm. 


The phenol-formaldehyde plastics, 
when overheated, will produce some 
phenol and formaldehyde. The maximum 
allowable concentration for formalde- 
hyde is 5 ppm. Although liquid phenol 
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(carbolic acid) is a poison, no allowable 
concentration for its vapor has been 
recommended. 


The chloride-containing plastics, such 
as vinyl chloride and vinylidene chloride, 
when partially decomposed by overheat- 
ing, will give off hydrochloric acid 
whose vapors are very caustic and irritat- 


The extreme concern over the fire 
hazards of synthetic plastics probably 
has arisen out of the experiences with 
pyroxylin in the early days of the plas- 
tics industry. It is probably safe to say 
that the greatest hazards exist in the 
manufacture of the resins, in the fabri- 
cation of plastic products, and in the 
grinding of scrap plastic. The burning 
of most of the plastics themselves should 
not cause any more concern than the 
burning of wood, woolen fabrics, or fats 
and oils. Some plastics such as vinyl 
chloride, do not support combustion 
but must be kept lighted by a separate 
source of heat. 


The toxic products of combustion, 
while they must be considered, are for 
the most part of no greater danger than 
carbon monoxide, and this compound 
must be considered in the case of any 
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SUMMARY 


ing. The maximum allowable concen- 
tration is 5 ppm. 


The plastics partially composed of 
glycerine, such as certain of the alkyd 
resins, may, when heated, decompose 
to give the highly toxic product, acro- 
lein. This product has a maximum al- 
lowable concentration of 0.5 ppm. 


fire. Concerning the other toxic prod- 
ucts, the more common materials just 
mentioned will produce poisonous com- 
pounds when burned which are similar 
to those produced by the various types 
of plastics. Wood while burning will 
produce formaldehyde and acetic acid 
in fractions of a percent. Wool will 
give off hydrogen cyanide, as will silk, 
leather, and cheese also. Butter and fat 
will give off acrolein under conditions 
of incomplete combustion. 


In summation, therefore, it can be 
said that plastics probably are not 
deserving of any more concern from 
the standpoint of safety than are many 
other compounds. But lest anyone be 
lulled into a complete sense of security, 
it should be remembered that “pre- 
paredness” is still the only safeguard 
against the unexpected. 


& 
to 
at 
a- 
A 
d- 
re 
ed 
re | 
re 
the 
1, 
om 
ril- 
ble 
to 
of 
iful 
Che 
‘ion 
ited 
Osi- 
ably 
om- : 
x po- 
, the 
ait. 
cetic 
yxide 
stics, 
some 
mum 
alde- 
henol 
no. 1, 
475 


ROVER GAS TURBINE 


Fic. 1.—Vhe launch Torquil, powered by two Rover gas-turbine engines 


THE ROVER GAS TURBINE 


ACKNOWLEDGMENT 


This article was published in “The Shipbuilder and Marine Engine-Builder,” 
November 1950. lt describes the Rover gas-turbine engine installation in a 60-foot 


launch. 


Among the various firms who have 
interested themselves in the develop- 
ment of the gas turbine is the Rover 
Company, Ltd., of Coventry, who are, 
of course, among the leading manufac- 
turers of motorcars in this country. 
Earlier this year, at Silverstone, Towces- 
ter, the company successfully demon- 
strated an experimental motorcar in 
which the power unit was a gas turbine, 
and they have now carried the develop- 


ment a stage further with the demon- 
stration, during October, of a 60-ft. 
launch (a former R.A.F. sea-rescue 
craft), propelled by two Rover gas- 
turbine engines. 


The appearance of the launch— 
named the Torquil—may be observed 
in the photograph reproduced in Fig. 1, 
while the arrangement of the craft is | 
shown by the drawings in Fig. 2. 
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Originally, the propelling installation 
consisted of three Perkins Diesel en- 
gines, each developing 100 B.H.P. and 
driving a separate propeller. Two Rover 
gas turbines have been substituted for 
the wing Diesel engines; while the 
center unit has been replaced by a 
Dorman four-cylinder, 25-hp. Diesel 
engine, which is employed mainly for 
cruising, maneuvering, etc. This unit 
drives its propeller through an_ oil- 
operated 2:1 reduction gear. 


The gas-turbine units installed in the 
Torquil are part of an order for a small 
number of these engines, entrusted to 
the Rover Company by the Admiralty 
—a circumstance which indicates that 
a stage has been reached at which the 
application of the Rover gas-turbine is 
becoming a practical proposition, at 
least for special purposes. 


It must. be emphasized, however, and 
the company themselves stress the point, 
that the problem of high fuel consump- 
tion remains to be solved before the 


Fic. 2—General arrangement of the 60-ft. launch Torquil 
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gas-turbine engine can be considered for 
commercial service. The key to the solu- 
tion of this question, states the Rover 
Company, is the design of a satisfactory 
and efficient heat exchanger. This is 
the one remaining problem, and the 
company’s small, skilled team of en- 
gineers engaged on the gas-turbine 
project are continuing their work in 
this direction, especially with a view 
to the evolution of a compact unit, with 
dimensions much smaller than those of 
existing heat exchangers. 


In consequence of the absence of 
heat-exchanging equipment in the in- 
stallation in the Torquil, the fuel con- 
sumption is, of course, high—of the 
order of 114 th per B.H.P. per hour at 
full power—the fuel employed in the 
launch being Diesel oil. Each turbine 
develops 100-120 hp. in continuous 
service, but it is hoped to increase the 
useful output to 180-200 hp. 


The arrangement of the essential 
components of the Rover gas turbine is 
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TURBINE NOZZLE 


Fic. 3—Diagrammatic arrangement of Rover gas-turbine power plant 


shown diagrammatically in Fig.3, while 
the appearance of one of the sets can be 
seen in Fig. 4. 


On admission to the plant, air from 
the atmosphere passes first through a 
single-stage centrifugal compressor, hav- 
ing a single-sided impeller, which ro- 
tates at a (maximum) speed of 40,000 
rpm. Leaving the compressor, the air is 
conveyed to two combustion chambers, 
similar to those employed in aircraft 
jet engines, and here the air is heated 
by the burning of the fuel oil. 


The hot gases pass from the combus- 
tion chamber to a turbine, which drives 
the compressor. The rotor of this com- 
pressor turbine is a forging (in Nimonic 
90). In addition to providing the power 
for the compressor, it also drives all 
the auxiliaries. 


Mounted behind the compressor is 
the independent output turbine, which 
‘is similar to the compressor turbine, in 
which the blades are somewhat larger 
than those in the compressor turbine, in 
order to provide increased area for the 
flow of the gases, the specific volume 
of which is, of course, greater at this 
stage of the circuit. The output turbine 
rotates at 30,000 rpm. 


Fic. 4.—Rover gas-turbine power unit 


The exhaust from the output turbine 
passes to the atmosphere via a diffuser, 
one function of which is to reduce the 
gas velocity. 


The power from the turbine output 
shaft is transmitted to the correspond- 
ing propeller shaft in two stages, each 
incorporating reduction gearing. A 
single-reduction helical gear (7:1 re- 
duction ratio), with oil-jet lubrication, 
effects the first stage; while the final 
stage is accomplished by a Wilson oil- 
operated reverse-reduction gearbox 
(3:1 reduction ratio), giving a propel- 
ler-shaft speed of about 1400/1500 rpm. 
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As mentioned in the foregoing, the 
auxiliaries, including the fuel-oil pump, 
lubricating-oil pump and electric gener- 
ator, are driven from the compressor 
turbine. The fuel pump delivers oil to 
the two burners, which are regulated 
by a spill-type throttle control. The 
lubricating-oil pump is of the gear type, 
and supplies lubricant to all bearings 
and gears. 


The starting equipment operates on 
the compressor turbine; a normal car- 
starter is employed, the step-up gear 
having a 3:1 ratio. 


The adoption of a separate useful- 
output turbine endows the plant with 
exceptional flexibility. Control is effected 
by varying the fuel rate. The quantity 
of fuel burnt determines the speed of 
the compressor turbine and therefore 
the power output, independently of the 
speed of the power turbine. 


The Rover gas turbine has been de- 
signed to give, eventually, an output of 
200 hp., but, at present, the continuous 
rating is restricted to 100 hp., with a 
maximum of 150 hp. (full power). The 
specific fuel consumption at 100 hp. is 
about 1.6 tb per bhp. per hour, and 1.25 
tb per bhp. per hour at full power. It 
must be remembered, of course, that 
these figures represent the performance 


of the set without a heat exchanger; 
the addition of a heat exchanger will 
greatly improve these figures, and it is 
anticipated that a full-load fuel con- 
sumption of approximately 0.8 fb per 
bhp. per hour will later be realized. 


The space requirements and weight 
of the set are of interest. Each engine 
weighs approximately 4 cwt. complete 
and occupies a floor area about 4 ft., 0 
in. by 2 ft., 6 in., while the height of 
the unit is 2 ft., 6 in. 


During the recent demonstration of 
the Torquil, we were struck by the 
absence of vibration and noise. The 
craft responded promptly to the opera- 
tion of the controls, which are located 
at the steering position. Starting was 
impressively smart, and the smooth 
maneuverability of the craft was abun- 
dantly demonstrated. 


It should be mentioned, in conclusion, 
that the development of the marine 
version of the Rover gas turbine does 
not imply that the company has sus- 
pended or slowed down their work on 
the motor car engine. On the contrary, 
aided by the information and experience 
gained with the more powerful marine 
version, the company is continuing the 
development of the motor car gas-turbine 
engine. 
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SUPERCHARGING I. C. ENGINES 


THE SUPERCHARGING OF INTERNAL 
COMBUSTION ENGINES 


ACKNOWLEDGMENT 


This article is part of the 37th Thomas Hawksley lecture, delivered by Sir 
Harry R. Ricarpo at the Institution of Mechanical Engineers, London, on 17 
November 1950. It was published in the December 1 and December 8 issues of 
“Engineering.” The lecture dealt with the supercharging of both gasoline and 
Diesel engines, but this reprint confines itself almost entirely to Diesels. 


Other things being equal, the power 
output of any internal-combustion en- 
gine is a function of the weight of oxy- 
gen it can assume in unit time; the 
nitrogen in the atmosphere is merely 
a passenger, though a very important 
passenger, in that its proportion con- 
trols the temperature of the combustion 
process. Sufficient fuel must, of course, 
be provided to combine with the whole, 
or at least as large a proportion of the 
oxygen as possible, but this, though a 
headache to the economist, presents no 
trouble at all to the engineer, for there 
is never the slightest difficulty in shov- 
ing into the cylinder all the fuel we 
require. The essential problem is how 
to stuff into the cylinder as much oxy- 
gen as possible and what to do with it 
when we have got it there. 


Nature has provided us with a limit- 
less supply of air containing a fixed 
proportion of oxygen, and that at a 
density which, at sea level, varies but 
little throughout the world. So long as 
we are content to accept the atmosphere 
she offers we may have as much as we 
like, but if we demand any change in 
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the density or proportions, we must be 
prepared to pay the bill in terms of addi- 
tional ironmongery, higher intake tem- 
peratures, and an expenditure of energy 
which may, or may not, be worth the 
price. 


Until comparatively recently the di- 
gestion of the internal-combustion en- 
gine was such that it could barely cope 
with the heat released, or the pressures 
attained, by combustion with the quan- 
tity of oxygen inhaled from the normal 
atmosphere, but progressive improve- 
ment in mechanical design, in metal- 
lurgy, and, above all, in improved heat 
dissipation, has enabled us, at all events 
in the smaller sizes of engine, to cope 
with considerably more oxygen than can 
normally be aspirated. 


There are a variety of ways in which 
we can supercharge an internal-combus- 
tion engine; for example, we can raise 
the pressure of the normal atmosphere 
by initial compression in some form of 
blower, driven either mechanically or 
by an exhaust turbine, or, to a more 
limited extent, by the use of ramming 
pipes or, in the case of two-stroke en- 


1 
( 
1 
I 
: I 
( 
] 
t 
| 
i 
t 
n 
Pp 
te 
la 
p 
h 
cl 
T 
tu 
th 
ex 
en 
an 
ne 
bu 
me 
ca: 
su 
int 
ex 
ait 
hig 
de} 
the 

| 


ust be 
 addi- 
> tem- 
nergy 
th the 


he di- 
yn en- 
y cope 
sssures 
quan- 
1ormal 
prove- 
metal- 
heat 
events 
cope 
an can 


which 
ombus- 
n raise 
ysphere 
orm of 
ally or 
a more 
mming 
oke en- 


gines, by exhaust pulsation. Yet again, 
we can increase the density by lowering 
the normal atmospheric intake-tempera- 
ture by the evaporation of the fuel or 
of some liquid of low boiling-point and 
high latent-heat—in other words, by 
refrigeration; or again, merely by ad- 
mitting extra oxygen at atmospheric 
pressure, either neat or in the form of 
an oxygen carrier; or, of course, by any 
combination of these methods. Of those 
I have mentioned, supercharging by 
means of ramming pipes, exhaust pulsa- 
tion, or by refrigeration alone, will pro- 
vide only a comparatively small increase 
in the oxygen content of the cylinder, 
while the use of additional oxygen is 
limited to certain specialized applica- 
tions to which I will refer later. For 
most practical purposes we must em- 
ploy some form of blower. 


It is unfortunate that we cannot com- 
press air without also raising its tem- 
perature, and this is the very last thing 
we want, for any increase in the initial 
temperature of the air involves a much 
larger increase in the high-temperature 
portion of the cycle and therefore both 
higher direct heat losses and loss due to 
change of specific heat and dissociation. 
Thus, as we raise the intake tempera- 
ture, not only do we tend to lower the 
thermal efficiency, but we add very 
greatly to the distress of the pistons, 
exhaust valves, and other parts of the 
engine exposed to heat flow. 


If we are going to supercharge to 
any considerable extent, not only do we 
need a highly efficient form of blower, 
but also some form of intercooling, and 
more especially does this apply in the 
case of a very high-compression engine 
such as the Diesel. We can, of course, 
intercool, either by means of a heat 
exchanger or by the evaporation in the 
air itself of some volatile liquid with a 
high latent-heat, and the choice will 
depend on the circumstances involved. 


The reactions to supercharging of 
the compression-ignition and the spark- 
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ignition engines are widely different. In 
the first place, the former has no fuel 
present in the cylinder during its com- 
pression stroke; hence it is completely 
immune from detonation or pre-ignition 
which set a limit to the performance of 
the spark-ignition engine. Again, by 
reason of its much higher compression 
ratio, the compression-ignition engine 
is still more sensitive to air intake 
temperature, for the temperature at the 
end of compression and before combus- 
tion starts is raised by compression to 
nearly three times the initial intake 
temperature ; thus, if the air-intake tem- 
perature be raised by 100 deg. C. by 
compression in the blower, the final 
compression temperature will be in- 
creased by nearly 300 deg. C., and that 
before any heat is released by the fuel; 
the whole cycle-temperature will then be 
raised by a like amount, to the severe 
detriment both of thermal efficiency and 
of mechanical endurance. The higher, 
then, the ratio of compression in the 
engine cylinder, the more sensitive does 
the engine become to the temperature 
of the intake air, and the more urgent 
the need for some effective means of 
intercooling. 


Let us consider the case of the Diesel 
engine, and more especially the light, 
high-speed Diesel engine. Here the case 
for supercharging appears to me to be 
an attractive one, for the compression- 
ignition engine responds to supercharg- 
ing far more favorably than does the 
spark-ignition engine. In the first place, 
the awful bogies of detonation and pre- 
ignition are entirely absent. In the sec- 
ond, the higher the density of the intake 
air, the shorter the delay period, and 
therefore the smoother and the more 
controllable the combustion ; further, the 
higher the intake pressure, the less sensi- 
tive does the engine become to either 
the cetane number or the volatility of 
the fuel; hence the wider the range of 
fuels it can digest. For example, Fig. 4 
shows, superimposed, a number of indi- 
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cator diagrams taken from a_ small 
supercharged Diesel engine running on 
a wide range of fuels ranging from a 
light gas-oil to boiler fuel oil of Admi- 
ralty specification. Fig. 3 shows the 
corresponding fuel consumption curves, 
the air on these tests being supplied by 
an independently driven blower. With- 
out supercharging, the engine would not 
run satisfactorily on the heavier sam- 
ples of fuel. Thanks to the shorter delay 
period, the optimum ratio of maximum 
to compression pressure falls as the in- 
take pressure is increased. 


In either the petrol or Diesel engine, 
the mechanical efficiency is, in practice, 
a function of the ratio of maximum 
pressure to mean effective pressure; the 
greater this ratio, the lower the mechan- 
ical efficiency. 


In the petrol engine, doubling the in- 
take density involves doubling the whole 
pressure scale throughout the cycle; in 
fact, rather more than doubling, because 
the clearance volume also is super- 
charged—but the ratio of maximum to 
mean pressure remains unchanged. In 
the Diesel engine, doubling the intake 
density considerably more than doubles 
the mean effective pressure but in- 
creases the maximum pressure by only 
about 40 to 50 percent, and this is all 
the more important since the ratio of 
maximum to mean pressure is higher, 
and the mechanical efficiency lower, in 
the Diesel engine, so that it has more 


720 130 m0 50 
BMEP, Lh per Sq In 


482 


Fig.4. 
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to gain. Fig. 5 shows the results of a 
series of tests under supercharged condi- 
tions in which with a fixed quantity of 
fuel per cycle, the time of start of injec- 
tion was varied. It will be noted that, 
under these conditions, very little is 
gained in power or efficiency by going 
beyond the constant-pressure diagram. 


In both tyes of engine, doubling the 
intake pressure increases the heat flow 
by about 60 percent; thus the relative 
heat losses are reduced, but, though it 
is perhaps not generally realized, the 
Diesel is more vulnerable to heat loss 
and so has the more to gain. In the 
petrol engine, supercharging at low 
revolution speed leads to rough run- 
ning and is early limited by detonation ;. 
in the Diesel, supercharging shows to 
best advantage at the lowest end of the 
speed range, where heat losses bulk 
large, also all Diesel knock is eliminated 
and the engine runs remarkably smoothly. 


Both engines score heavily by inter- 
cooling, but the Diesel engine the more 
so, on account of its much higher ratio 
of compression. On the other hand, while 
the petrol engine can use its fuel as a 
refrigerant, the Diesel engine lacks this 
advantage and must depend wholly on 
a heat exchanger, though, in some cases, 
perhaps water injection might usefully 
be employed. 


In the four-stroke Diesel engine, by 
virtue both of the longer expansion- 
ratio and the lower air utilization, the 
exhaust is much cooler and almost at a 
temperature which can be utilized in a 
turbine, so that an exhaust-driven turbo- 
supercharger can be used when the con- 
ditions are suitable, as in marine or 
industrial use. In the four-stroke petrol 
engine, the temperature of the exhaust 
is far too high, and a large amount of 
heat must be dissipated, with consequent 
loss of efficiency, before it can be used 
in a turbine. 


Comparative tests on both petrol and 
Diesel engines of similar capacity have 


Lb. per Sq. In. 


Pressure, Lb. per Sq. In 


Compression Pressure, 
Fuel Consump 


Max. sure 
Ratio ompresston 
4 } 


bos cont 


Rack Fixed 
at This Pownt 


Ratio 


s 4 6 & 10 

tati 

Injection Timing, Deg. Early 

R.p.m., 1,250 ; 

temperature at 170 to 180 brake m.e.p.; s 
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water inlet temperature, 70 deg. C.; pool gas oil, sp. gr 0 848 
at 15 deg. C. 


boost, 20 in. of mercury at 60 deg. C. air-inlet 
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shown that in both cases the relative 
heat flow to the cylinder walls and pis- 
tons diminishes with increase of density 
at the same rate as with increase of 
speed, that is to say, if the power out- 
put be doubled by doubling the speed at 
atmospheric density, or by doubling the 
density at the same speed, the heat flow 
in either case will be increased by about 
60 percent, provided that the entering- 
air temperature is the same; but if, 
when supercharging, the induction-air 
temperature is allowed to rise, the heat 
flow will rise rapidly and more so in the 
Diesel than in the petrol engine. Fig. 6 
shows the variation in gross heat-flow 
to the cooling-water with different air- 
intake temperatures. 


In a high-speed high-compression en- 
gine of normal design little, if anything, 
is to be gained by cylinder scavenging, 
since the inlet and exhaust valves are 
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in such close proximity that overlap 
timing results merely in short-circuiting. 
When account is taken of the loss of 
air (on which work has been done in 
the blower) and the necessary distortion 
of the combustion space in order to ac- 
commodate the valve overlap, the net 
result is generally negative. We have 
not been able to observe any measurable 
reduction in piston temperature even 
with very wide overlaps, involving a 
considerable loss of air. It would seem 
that it is only when an exhaust turbo- 
driven supercharger is employed that 
scavenging by valve overlap can be 
justified, and then rather as an expedi- 
ent to reduce the exhaust temperature 
to a figure acceptable to the turbine. 
Even so, the practice of short-circuiting 
some air to exhaust outside the cylinder 
and under thermostatic or governor con- 
trol so that it occurs only when the 
exhaust temperature exceeds a_ safe 
limit is, in my opinion, much to be 
preferred. 


In the Diesel engine, the volume of 
the clearance is very small, usually only 
between 6 and 8 percent, and even at 
full load, contains nearly 30 percent of 
unconsumed oxygen, so that even if 
efficiency of scavenging were 100 per- 


30 deg. C. I.V —Just visible exhaust limit. 


cent, the gain in power would be very 
small; while as to internal cooling, we 
simply cannot afford to use expensive 
compressed air for this purpose. We 
can lower the exhaust temperature far 
more effectively by cooling the admis- 
sion air, and that at no cost in energy 
and an appreciable gain in thermal effi- 
ciency; thus Fig. 7 illustrates the effect 
of varying the intake-air temperature on 
both the exhaust temperature and thermal 
efficiency. 


By far the bulk of all high-speed 
Diesel engines today are used for the 
propulsion of heavy road-vehicles. In 
this service what is required above all 
else, is high torque at low engine revo- 
lutions, in order to reduce gear chang- 
ing, to give good acceleration, and the 
ability to “hang on to” a high gear on 
hills. Ultimate power at maximum en- 
gine speed is seldom used and is of 
minor interest ; what we really need, but 
cannot get with the petrol engine, is very 
high torque at low engine speeds. The 
supercharged Diesel should be ideal for 
this, for it behaves so excellently when 
heavily supercharged at low revolution 
speeds. If, by supercharging, we could 
obtain double the normal full load torque 
at the lower end of the speed range, 


484 


> 
= 


Specific Fuel 


Fig.6. | 
| | eat Loss 
: 300 To Jac 
| 
th 
on 
as 
Ui 
tor 
ist 
sn 
su 
lat 
ru 
ve 
th 
ug 
su 
th 
co 
lo 
of 
in 
is 
ag 
an 
} su 
th 
pr 
: ha 
it 
fo 
|_| 


SUPERCHARGING I. C. ENGINES 


“3 I 
In. 


1200 
Max. Cylinder Pressure 7 
4 4 
1000 x 
wo 
- 
me 
29 Specific Fuel Consumption d 
AO - | 
70 


80 90 100 NO 0 BM. 1440 150 160 170 180 190 200 210 220 230 


.MEP,Lb per Sq. In 


then it would appear that an engine of 
only 5-liters cylinder capacity would 
give about the same road performance 
as an unsupercharged engine of 8 liters. 
Unfortunately, no form of blower exists 
today which will provide the character- 
istics we want, ie., the delivery of a 
small volume of air against a high pres- 
sure when running slowly and of a 
larger volume at a lower pressure when 
running fast. Clearly none of the con- 
ventional forms of blower will achieve 
this ; we can dismiss at once the centrif- 
ugal or axial-flow blower as totally un- 
suitable; we can, I think, dismiss also 
the Roots’ type for, having no internal 
compression, its efficiency is necessarily 
low when delivering against pressures 
of the order of 10 Ib. to 15 lb. per square 
inch, and, in any case, its leakage path 
is so great that it will not deliver at all 
against a high pressure at low speed; 
and the latter objection applies also to 
such blowers as the Lysholm, or those of 
the sliding-vane type, for although they 
provide internal compression they also 
have very long leakage paths. Inevitably 
it seems we must fall back upon some 
form of piston blower which alone can 
provide internal compression, combined 


with very small leakage losses, and 
which could be designed to give a droop- 
ing volumetric-efficiency curve; the ur- 
gent problem before us today is, I think, 
the design and development of an ele- 
gant form of piston blower for such a 
service. 


Many supercharged Diesel engines 
have been and are running on the roads 
today, using either Roots’ or sliding- 
vane type blowers, but their perform- 
ance is a little disappointing in that 
the high supercharge is not available 
at the time when it is most needed. 


Our general experience, after a good 
many years of experiment on super- 
charged Diesel engines of the type and 
size in question, is that an engine of 
reasonably robust but perfectly orthodox 
design, and using the usual modern 
bearing materials, etc., can quite safely. 
stand up to a supercharge which will 
double its torque at low speeds, even 
without any intercooling, but that if the 
same supercharge be applied and made 
full use of at its top speed, thus doubling 
the maximum power, the heat flow will 
be too great and it then becomes neces- 
sary to take such measures as oil-cooling 
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the pistons, using special materials, or 
even sodium-cooling for the exhaust 
valves, etc., but much depends on the 
degree of intercooling that can be pro- 
vided and, in a vehicle, this is very 
limited. 


I have dealt at some length with the 
case of the Diesel engine for heavy road- 
vehicles, for this service employs by far 
the bulk of all Diesel engines, large or 
small, produced today, not only in num- 
bers, but also in total aggregate power, 
the other main fields being for marine 
propulsion and industrial work gener- 
ally. For large marine engines, whose 
rotational speed is limited by propeller 
efficiency, the two-stroke cycle is gen- 
erally preferred. A two-stroke engine is 
normally supercharged to the extent 
that its air supply is delivered at a 
pressure in excess of the atmosphere, but 
since its cylinder forms a free passage- 
way and is not a cul-de-sac, as in the 
four-stroke engine, air can pass through 
it freely, and the degree of boost is 
dependent upon the resistance to flow 
offered by the exhaust ports. Although 
some supercharge can be attained by 
appropriate port timing, or by making 
use of exhaust pulsation to drive back 
some of the air spilt out of the exhaust 
ports, the scope in this direction is 
limited and the only means of applying 
a really substantial supercharge is by 
the imposition of back pressure. This, 
however, places a heavy burden on the 
scavenging blower, for the two-cycle 
engine requires about 50 percent more 
air than does the four-cycle, and since 
the process of filling the cylinder is car- 
ried out while the piston is hovering 
around bottom center, no part of the 
blower work is returned, by pneumatic 
transmission, as in the four-stroke en- 
gine. Supercharging, therefore, by rais- 
ing the exhaust back pressure, is hardly 
tolerable unless an exhaust turbine be 
used, in which case the whole, and even 
more than the whole, of the additional 
blower work can be recovered. Fitted 


with an exhaust turbine, any degree of 
supercharge can be applied to a two- 
cycle engine, for the higher the exhaust 
back pressure, the greater the return, 
and that with interest, from the turbine 
until, in the limit, the turbine is de- 
veloping the whole of the useful power, 
that of the piston engine being absorbed 
entirely by the blower. The piston engine 
then performs the same function as the 
boiler in a steam plant. 


The demands of marine propulsion 
are, of course, the very opposite to those 
of the road, in that high torque is re- 
quired only at the top end of the speed 
range. For such a service the exhaust 
turbo-blower seems the obvious solution 
for the four-cycle engine, for it provides 
the supercharge just when it is most 
needed, with the minimum expenditure 
of useful energy; much the same, of 
course, applies to the industrial engine 
which runs normally at a constant speed. 
Exhaust turbo-blowers are, however, 
expensive luxuries and are efficient only 
in relatively large sizes. I do not think 
their use would be justified for engines 
of less than, say, 150 hp. For smaller 
industrial or marine engines, some form 
of mechanical blower, such as the Roots’, 


_Lysholm, or sliding vane, is preferable, 


but none such, in small sizes, efficient at 
pressures over about half an atmosphere, 
and if we are going to supercharge a 
small engine at all, we want to do it 
thoroughly. We have recently built up 
an experimental engine of about 40 
brake horsepower per cylinder, using a 
piston supercharger sandwiched between 
two working cylinders and delivering 
alternately a double supercharge to each 
of them. There is, of course, nothing 
novel in such.a scheme, but the advan- 
tages of supercharging, particularly 
perhaps in the better combustion of 
heavy and low cetane fuels, appeared to 
be great enough to justify it, now that 
we know how to cope with high rates 
of heat flow. . 
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So far, only a few preliminary tests 
have been carried out on this experi- 
mental engine, but already it has shown 
itself capable of developing a net brake 
mean pressure of 200 Ib. per square inch 
with a perfectly clean exhaust. Thus, 
this converted three-cylinder engine— 
for we have merely substituted a pump- 
ing cylinder in place of the center work- 
ing cylinder—is already giving very 
nearly the same power output as a four- 
cylinder of the same cylinder dimen- 
sions. The general running so far is re- 


markably smooth and quiet at all loads; 
its weakness lies in the fact that it 
provides no intercooling. 


Finally, to sum up: the conclusions I 
have come to, so far, are that it is not 
worth while supercharging the spark- 
ignition engine except in the case of 
aircraft or racing cars, but that in the 
case of the four-cycle Diesel, it pays, 
hands down, to do so, and would pay 
most handsomely of all in the road- 
vehicle field, if and when a suitable 
blower can be developed for this service. 
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HARD FACING VALVES 


HARD FACING OF STEAM VALVE 
SEATS AND DISKS 
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Nature renews herself by growth; 
man-made machines wear out. Since 
the beginning of welding, one of its 
many uses has been the reclamation of 
worn parts; and for this purpose, spe- 
cial hard-facing materials and techniques 
have gradually been developed. 


Hard facing by braze welding pro- 
vides the engineer with a convenient 
method for obtaining a hard wear- 
resistant surface on metal parts. Special 
alloys in the form of welding rods and 
portable oxyacetylene welding equipment 
make the process readily applicable 
whether in the shop, aboard ship or on 
the beachhead. The useful application 
of hard-facing materials depends upon 
the selection of appropriate welding rods 


The welding operation known as hard 
facing has proved to be a practical and 
economical procedure for trimming 
valves. 


The Navy requires that valve seats 
and disks for high-temperature, high- 
pressure steam service be furnished with 
hard facings. Hard-faced valves reduce 
power losses to a minimum and are free 
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and equipment, the skill of the welder, 
and the enginering knowledge that per- 
mits good judgment in utilizing the 
materials. 


Hard facing forms a protective layer 
which resists abrasion, corrosion, im- 
pact, seizure, heat or any combination 
of these wear factors. The primary func- 
tion of hard facing is to prolong the 
life and increase the operating efficiency 
of the part involved. New, as well as 
worn parts, may obtain these benefits 
by the application of a thin layer of 
kard alloy to the position where it is 
most needed. In fact, hard facing finds 
its greatest over-all economy when ap- 
plied to new parts. 


from scoring and undercutting even 
under the severe conditions of drip or 
throttle service. Repeated heating and 
cooling does not warp or distort the 
properly applied wear-resistant over- 
lays. In addition, the low coefficient of 
friction of the hard-facing alloys is espe- 
cially valuable in valves where the disk 
travels in a rotating or wiping motion 
over the face of the seat. 
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GENERAL WELDING TECHNIQUE 


The deposition of hard-facing alloys 
requires a braze-welding technique rather 
than a fusion welding technique. The 
surface to be overlaid must be clean and 
prepared by grinding or machining to 
remove all oxide and scale. The follow- 
ing is presented as a general guide for 
applying hard-facing alloys. 


Welding Torch and Tip Sizes—Any 
approved type of oxyacetylene welding 
torch with low velocity tips may be used 
for the deposition of hard-facing alloys. 
It is important that the high velocity 
tips be avoided as the force of the flame 
jet may cause localized overheating of 
the base metal with resultant dilution 
of the hard-facing deposit and erratic 
hardness results. A, B and C in Fig. 1 
illustrate the differences between low, 
medium, and high velocity tips. Note 
the square shoulders in the low velocity 
tip, the slanting shoulders in the medium 
velocity tip and the straight-lined swaged 
taper for the high velocity tip. The 
inner cone of the low velocity tip has a 
pronounced bulbous shape which spreads 
the heat onto the base metal. As illus- 
trated, the inner cone lengthens and the 
bulb becomes smaller as the velocity of 
the gas increases. Tip sizes should be: 
0.0465 bore (No. 56 drill) for material 
not over 46 in. thick; 0.0670 bore (No. 
51 drill) for material % to %e in. thick; 
0.0760 bore (No. 48 drill) for material 
¥, in. thick and over. 


INNER CONE 


FLAME ENVELOPE 


ACETYLENE FEATHER 


MOTE ORL 
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or 
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Fig. 1 Mlustrating heating effects of low, medium and 
igh velocity tips 


As velocity of gas increases duc to the drilling phan oy of tip, the in- 
ner conc lengthens and the lame bulb becomes 


(Modification of a copy righted illustration, courtesy of the Walworth 
Company) 


Flame Adjustment—The flame for 
hard-facing alloys must contain an ex- 
cess of acetylene. One exception to this 
rule is the application of Alloy “C” on 
objects of small mass requiring only 
local preheat and a neutral flame. The 
desired flame adjustment for each alloy 
is shown in Table 1 as a ratio between 
the length of acetylene feather and the 
length of the inner cone, both being 
measured from the end of the torch tip. 
Illustrations of a neutral flame, 2:1 and 
4:1 ratio flames are shown in Figs. 2, 
3 and 4, respectively. Acetylene and 
oxygen 2-stage pressure regulators are. 
preferred, and the settings should be 
4-5 psi. for a No. 3 tip, 5-7 for a No. 5 
tip and 6-8 for a No. 6 tip. 


‘Table 


NON-FERROUS HARD- FACING ALLOYS 


APPROXIMATE 
‘COMPOSITION DEPOSITION CONDITIONS 


HIGHLY REDUCING FLAME IS 
ESSENTIAL IN MOST APPLICATIONS. 


WHEN MADE WITH A MINIMUM OF 
REMELTING 


I SLIGHTLY REDUCING FLAME IS 
PREFERRED 

IMPROVE 


MOST APPLICATIONS 


GAN BE REMELTED TO 

IMPROVE CONTOUR 

o MODERATELY REDUCING FLAME IS 

PREFERRED 

7 2-DEPOSIT CAN BE REMELTED TO 
PROVE CONTOUR. 


*tewern OF ACETYLENE FEATHER TO LENGTH OF INNER CONE 
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Acetylene gas requires 214 times its 
own volume of oxygen for complete 
combustion. Approximately equal vol- 
umes of the two gases are fed through 
the torch, and the remaining 1% vol- 
umes of oxygen are obtained from the 
air. 


When the acetylene gas is burning 
without the oxygen gas turned on, it 
has a brilliant white flame caused by 
white-hot carbon particles, some of 
which escape unburnt and can be seen 
floating in the air. As the oxygen 
is turned on and adjusted to give a 
neutral flame the size of the white flare 
decreases until it does not extend be- 
yond the small white cone. When the 
acetylene supply is increased the white 
flare again appears, indicating that free 
carbon particles are present. When a 
flame with this acetylene feather is used 
for hard facing, the carbon particles 
tend to carburize the surface of the 
base metal and also to reduce any 
oxides of metal. The excess acetylene 
flame is thus both carburizing and re- 
ducing. 


Terminology in the field for the de- 
gree of acetylene flame varies widely. 
Consideration is suggested to designat- 
ing a descriptive mathematical ratio of 
length of acetylene feather to length of 
inner cone for a qualitative measure of 
the amount of acetylene flame. 


Size of Welding Rod—The %e-in. 
diameter welding rod is handled most 
conveniently, but when the width of the 
surface to be overlaid is less than % in. 
or when the base metal thickness is less 
than %6 in. a %-in. diameter rod 
should be used. If the smaller rod is 
not available, it may be produced by 
drawing out the larger rod as the soft 
flame from a tip with a 0.0465-in. bore, 
adjusted as for hard surfacing, is di- 
rected on the end of the rod to bring 
it to a plastic condition. Figure 5 illus- 
trates the drawing out of a %-in. rod 
onto a heavy chill table. The skilled 
operator does not require a mold, but 


the beginner may find a grooved plate 
of carbon, graphite, iron or steel to 
be helpful. A length of angle iron 
could be used as a mold. The drawn 
out rod can be redrawn to progressively 
small diameters, if desired. 


Use of Flux—Flux is not required, 
under normal conditions, for deposition 
of a dense overlay. The general rule is 
to avoid the use of flux. 


Support of Thin Sections—When de- 
positing on seats of thin sections it is 
often necessary, in addition to using a 
small welding tip, to back up the under- 
side of the seat with wet asbestos fibre 
cement or carbon paste to absorb the 
excess heat. This method permits the 
heating of the base metal to the tem- 
perature required to form a union with 
the deposited alloy, yet prevents the 
melting of the base metal which would 
cause dilution of the alloy. Melting of 
the base metal may be prevented by 
slightly rounding any sharp corners in 
preparation of the surface to be over- 
laid. An excessive melting of the base 
metal forms an alloy with the overlay 
to give a deposit of unpredictable be- 
havior. 


For hard facing such light work as 
the point of a high-pressure needle valve, 
an Aircraftsman’s small torch can be 
better regulated than the standard size 
unit, even though the latter is used with 
a No. 0 or No. 1 tip. The hard-facing 


Fig. 5 Drawing out rod to smaller diameter 
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Fig.6 Starting 


rod may be redrawn as often as is 
necessary to reduce its mass to match 
that of the light work. 


Direction of Welding—The proper 
direction for progression of welding is 
obtained with the forehand method of 
deposition. The relative position of 
work, rod and flame for starting deposi- 
tion is shown on Fig. 6, and the finish- 
ing position is shown on Figure 7. As 
most welders are right-handed, the fol- 
lowing description for applying hard- 
facing alloys may be considered stand- 
ard. 


The torch is held in the welder’s 
right hand, the welding rod in his left. 
During preheating, the flame is directed 
almost normal to the work surface at a 
distance gauged by the free length of 
the acetylene feather. 


During deposition, the torch is tilted 
so that the flame is pointed in the direc- 
tion of progression and held close 
enough to the work so that the inner 
cone of the flame is not more than % in. 
from the surface. 


Pointing the flame to the left as the 
direction of welding progresses from 
right to left, permits the gas envelope 
to shield the metal as it melts from the 
rod and flows evenly on the work, while 
impurities are floated out. 


The rod, carried in the welder’s left 
hand, is held at about 20 to 45° above 
the horizontal (see Figs. 6 and 7), so 
that the welder’s vision is not impaired 
and his hands are not exposed to the 
rising heat of the flame. The rate of 
melting off, the flowing on, the leveling 
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and scavenging of the deposit are thus 
always in full view of the welder. 


Preheating—It is advisable to pre- 
heat the entire surface of the work that 
is to be overlaid. The degree of pre- 
heating depends upon the mass of the 
work. Small objects are given only a 
local preheat while heavier pieces (5 
Ib. and over) must be preheated to not 
less than 650° F., preferably in a fur- 
nace. Preheating is mandatory to avoid 
localized dilution which results when 
employing high torch-fed heat, and to 
prevent the formation of porosity. A 
lower velocity rate of heat input from 
the oxyacetylene flame permits a larger 
portion of the base metal to absorb 
more of the total heat applied before 
fusion occurs. Careful preheating lowers 
thermal gradients and thus minimizes 
cracking tendencies. Contact pyrometers 
or temperature smear sticks may be 
used to determine when 650° F. has 
been reached. Care must be exercised 
not to apply the smear on the clean 
surface prepared to receive the hard- 
facing alloy. 


For smaller objects, the welder need 
only apply a light over-all preheat and 
then hold the flame on the spot where 
deposition is to start until sweating 
appears to be constant and begins to — 
spread ahead of the flame. During this 
period of localized heating, the welding 
rod should also be preheated by being 
kept at the outer edge of the flame 
envelope. When the sweat of the pre- 
heated surface does not disappear the 
instant the torch is lifted slightly, the 
base metal is ready for overlaying. 
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Deposition—The welding rod is put 
into the flame slightly ahead of the 
inner cone and melted onto the work. 
As soon as the first large drop of hard- 
facing alloy is on the base metal, the 
welding rod is withdrawn from the cen- 
ter of the flame. If the base metal is 
sufficiently hot, the alloy flattens out 
and flows ahead of the flame, spreading 
on the work exactly like solder. If 
freshly deposited Alloy “A” does not 
spread out, it has to be heated with the 
torch until it does. The other alloys in 
Table 1, however, may be deposited 
rough and then remelted readily to ob- 
tain a smooth bead contour. Avoid 
puddling and penetration of the base 
metal as this dilutes the deposit and 
lowers its resistance to abrasive wear. 


The flame must be kept on the de- 
posit until all impurities have been 
floated off ; these appear as white flecks 
swimming on top of the deposit. The 
deposit must look bright and smooth 
before additional metal is added to it. 
Once the base metal is of the correct 
temperature for spreading the deposit, 
progress of the work is rapid. It con- 
sists of alternately dropping the metal 
from the rod onto the end of the exist- 
irig deposit, withdrawing the rod to the 
outer edge of the flame, and playing 
the flame on the last drop until the 
deposit is free of impurities. The re- 
quired thickness of the overlay shall 
be deposited in a single layer whenever 
it is possible to do so. When, upon com- 
pletion of a deposition, porous spots 
and/or low areas are discovered, such 
parts shall be remelted with a low veloc- 
ity flame and the conditions corrected 
before the deposit cools. When complet- 
ing a circular deposit such as on disks, 
it is advisable to finish the deposition 
with a “shrinkage tail,” ie., the final 
deposit is carried up over the starting 
end of the bead and finished off at either 
side of the start to provide an extra 
“tail” of hard-facing metal. Upon re- 


HARD FACING VALVES 


492 


melting the deposition, the “shrinkage 
tail” provides material at the point 
where shrinkage requires additional 
metal. 


Postheating and Cooling—It is con- 
sidered good technique to bring the 
disk or seat to an even heat immedi- 
ately after deposition is completed and 
then to place it in lime for slow cooling. 
One method is to back the torch off 
gradually from the work instead of 
removing the torch abruptly from the 
union between the first and last laid 
metal, so that possible cracking at the 
termination of the depositing is pre- 
vented. After completing the deposition, 
the flame is played on the disk or seat, 
passing around the work two or three 
times. 


Precautions on Interchangeability— 
All of the alloys in Table 1 are inter- 
changeable and satisfactory results may 
be obtained by observing the above in- 
structions. A special precaution must 
be observed, however, when Alloy A 
is used to overlay Alloys B or C. As 
the melting point of Alloy A is higher 
than for either Alloy B or C, it is un- 
avoidable to remelt a small volume of 
the latter metals when a repair is ef- 
fected with Alloy A. To avoid develop- 
ment of porosity in the repair area, the 
deposition of Alloy A must be per- 
formed with a highly reducing flame 
adjustment with the ratio of the acety- 
lene feather to the inner cone at 5:1. It 
is mandatory to remelt only the un- 
avoidable minimum volume of the orig- 
inal overlay. Best results are obtained 
when the deposited Alloy A does not 
require remelting. Should remelting 
Alloy A be necessary, it may be done 
using care that the jet of the flame does 
not cause a depression in the heated 
overlay. The soft flame of the low veloc- 
ity tip will aid in observing this pre- 
caution. 


il 


The nonferrous hard-facing alloys 
have been found most suitable for trim- 
ming high-temperature steam valves. 
Some of these alloys are shown in 
Table 1, with their approximate com- 
position, flame ratios, and deposition 
conditions for best results. Properties 
which make the nonferrous alloys desir- 
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NONFERROUS HARD-FACING ALLOYS 


TABLE 2 


Brinell hardness 


able for overlaying steam valve seats 
and disks are (1) they maintain strength 
and hardness at elevated temperatures, 
(2) they resist abrasion and corrosion, 
(3) they have low coefficients of fric- 
tion and (4) they have good welding 
characteristics. 


Overlay Room temperature 1100° F.——_—-~ 
Thickness Range Average Range Average 
y%” 367-391 378 279-299 286 
Yo” 361-396 381 261-325 284 

Base Metal 380-383 382 221-255 240 


To determine the suitability of hard- 
facing alloys for use in the Naval serv- 
ice, they are first given a screening 
test consisting of edge welds on 
¥%- X %- X 6-in. medium steel key- 
stock and on 4%4-in. diameter disks cut 
from %-in. thick steels of carbon molyb- 
denum, 25-20 stainless, and 3-in. thick 
Monel metal. The welds are made in 
one-pass approximately % in. thick 
and subsequently ground to a thickness 
of about %2 inch. 


During deposition, which is accom- 
plished with the forehand technique, the 
flow characteristics, ease of deposition 
and bead contours are observed. Remelt- 
ing characteristics of the alloys are 
noted when it is necessary to remove 
surface defects or to improve smooth- 
ness of the deposit. The ground de- 
posits are examined for porosity, checks 
or blemishes of any type. Uniformity of 
hardness is determined for the ground 
deposit on the keystock. A minimum 
hardness of Rockwell C-40 is expected 
for the as-deposited alloys. 


DETERMINING SUITABILITY OF ALLOYS 
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The ground disk specimens are sub- 
jected to thermal shock by placing them 
in a furnace, the temperature of which 
is maintained at 1050° F. Specimens 
are held in the furnace for 30 min. and 
then cooled in air to room temperature. 
This cycle is repeated 25 times with‘an 
examination of the overlay after each 
cycle for cracks, employing the Oil- 
Powder Flaw Detection Method. 


Hard-facing alloys found acceptable 
to the above screning tests are subjected 
to hot hardness and hot impact tests. 
Specimens for hot hardness are deposited 
in single layers on %- XK 1%- X 1%- 
in. blocks of 4-6 Cr, % Mo steel. One 
specimen is tested at room temperature, 
and one at 1100° F. Typical Brinell 
kardness data, in Table 2, for overlays 
ground to % and %eé in. thickness in- 
cludes hardness data on the base metal 
as affected by.the heat of welding. 


Simulated valve seat and disk assem- 
blies, as shown under the 20-lb. hammer 
in Fig. 10, have overlays ground to %e6 
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Fig. 8 Hot hardness tester 


or %2 in. thickness for hot impact test- 
ing. Evaluating methods are given under 
the following description of the testing 
devices. 


Testing Devices—Testing devices de- 
signed at the Engineering Experiment 
Station for determining hot hardness, 
hot impact values and steam tightness 
are shown in detail in Figs. 8, 10 and 11, 
respectively. A photograph of the hot 
impact machine is shown in Fig. 9. 


The hot hardness machine is operated 
at temperatures up to 1100° F. The 
standard 3000-kg. load is applied to 
obtain the impression with a sintered 
carbide 10 mm. ball. The diameter of 


Fig. 10 Elevated temperature impact testing machine 


Fig.9 Hot impact machine 


the impression is read in the usual 
manner with the Brinell microscope and 
converted to the Brinell hardness num- 
ber. 


The hot impact testing machine may 
be operated at various temperatures. 
The detai! information on the sketch is 
self-explanatory. It has been determined 
that a satisfactory valve seat and disk 
overlay will withstand 500,000 impacts 
of the 20 in.-lb. hammer at the rate of 


4 


Fig. 11 Device for testing steam tightness 
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70 blows per minute without showing 
flaws when given the critical examina- 
tion of the Oil-Powder Method. 


The steam tightness tester is em- 
ployed before and after subjecting the 
valve seat and disk assembly to hot 
impact. Any leakage of the saturated 
steam past the seat and disk would be 
seen at the telltale vents. This test aids 


in’ determining wear or defects in the 
overlay. 


Actual service tests of hard-facing 
alloys can be performed at the Engineer- 
ing Experiment Station not only in 
various steam lines, but also as exhaust 
valve overlays in various Diesel engines 
at the Station’s Internal Combustion 
Engine Laboratory. 
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MARKS’ “MECHANICAL ENGINEERS’ HANDBOOK” 
FIFTH EDITION 


The Marks’ MecHANICAL ENGINEERS’ HANDBOOK has just been published by the 
McGraw-Hill Book Company in a completely revised, new Fifth Edition. More 
than 100 engineers, each a recognized authority in his special field, have cooperated 
to produce a 2236-page volume of carefully selected data on every branch of 
mechanical engineering. Sixteen up-to-date sections provide authoritative answers 
to thousands of questions in easy-to-find reference form. 


Mathematical Tables and Weights and Measures 
Mathematics 

Mechanics of Solids and Liquids 

Heat 

Strength of Materials 

Materials of Engineering 

Fuels and Furnaces 

Machine Elements 

Power Generation 

10. Hoisting and Conveying 

11. Transportation 

12. Building Construction and Equipment 

13. Machine-shop Practice 

14. Pumps and Compressors 

15. Electrical Engineering 

. Engineering Measurements, Mechanical Refrigeration, etc. 


Marks’ comprehensive yet concise coverage of mechanical engineering theory, 
standards and practice provides the best currently available information in such 
fields as aeronautics, mechanical refrigeration, power generation, welding, metal- 
cutting, machines, hoisting and conveying, etc. 


Significant recent developments discussed under the heading of Theory are— 
fluid mechanics, stresses in turbine disks, transonic and supersonic aerodynamics, 
aircraft jet propulsion, rockets and television. Under Processes, Marks’ takes up 
radiant or panel heating, solar heating, high-vacuum pumps, industrial supersonics, 
modern casting methods, statistical quality control and automatic process control. 
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This new Fifth Edition also furnishes new or greatly revised information on the 
materials of engineering, for example: ferrous and non-ferrous alloys, super- 
alloys for highest temperatures, plastics, elastomers, silicones, adhesives, rocket 
fuels, reflective heat insulation and powder metallurgy. Power costs are analyzed 
in the light of current conditions, as are gas turbines and atomic energy as power 
sources. 


A completely cross-referenced index of more thaan 12,000 entries and a new, 
enlarged format, thumb-indexeed, are designed to meet the daily needs of engineers 
who need facts at their fingertips. 


Lionel S. Marks, the editor of this renowned handbook, is Gordon McKay Pro- 
fessor, Emeritus, at Harvard University. 


The price of MECHANICAL ENGINEERS’ Hanpsoox is $15.00. For further details 
contact McGraw-Hill’s Book Information Service, 327 West 41st Street, New 
York 18, N. Y. 


“STEAM TURBINES” 
By Epwin F. Cuurcnu, Jr. 
Turrp Epition, 1950, 531 PAGES; PUBLISHED BY Book CoMPpANy 


REVIEWED BY COMMANDER IvAN Monk, USN 
Member, A.S.N.E. 


In his third edition the author has rewritten and added to the material contained 
in previous editions with the result that the third edition is approximately twice 
the size of the previous editions. Most of the drawings, photographs and descrip- 
tions represent modern practice. The text is well-arranged and is presented in a 
clear, interesting manner. In addition to a well-rounded treatment of the thermo- 
dynamics of the turbine and its elements the author has included chapters on ele- 
mentary aerodynamics, materials and stresses, vibration, and governing. The 
unique requirements of marine turbines are covered in a chapter which deals with 
arrangements and special applications of turbine components. 


Although this book was written as a text for undergraduate and graduate stu- 
dents, it is particularly valuable as a reference for practicing engineers who fre- 
quently find it desirable to review basic principles without having to read through 
masses of material purporting to elucidate those principles. For the benefit of those 
who wish to study specific phases of the subject in greater detail the author has 
prepared a comprehensive, up-to-date bibliography which includes the work of 
numerous A.S.N.E. members. 
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METHODS OF OPERATIONS RESEARCH 
By 


M. Morse AND GeorGE E. KIMBALL 


Published jointly by: 
THE TECHNOLOGY Press oF MIT aNd JoHN Witey & Sons, INc. 


REVIEWED BY REAR ADMIRAL RALPH E. McSHANE, U.S. Navy 


In the words of this book, “Operations research is a scientific method of provid- 
ing executive departments with a quantitative basis for decisions regarding the 
operations under their control.”” With that as a start the authors proceed to reveal 
some startling applications of mathematics to certain operations of World War II. 
The applicability of these methods is best revealed by repeating some of the prob- 
lems described: “Aircraft Search for Submarines,” “Convoys versus Submarines,” 
“Tactics to Evade Torpedoes,” “Aimed Fire—Small Targets.” 


The book primarily is a text book and much of the mathematical treatment will 
be beyond the capabilities of the “executives” for whose aid the research is designed. 
Despite that fact it would be profitable reading for most military officers, line 
and staff, for the problems which are used as examples of methods can readily be 
understood by the non-mathematical. It is sufficient to recognize the great utility 
of the methods as aids in the solution of operational problems. While the examples 
are almost entirely in the field of military strategy and tactics it is clear that the 
general methods are applicable to other forms of “operations.” 


The authors are explicit in avoiding any implication that the methods of opera- 
tional research are the answer to all operational problems. It is made clear that 
such research is only one of the areas of information on which the executive 
must base his decisions. In the words of the authors, “The operations research 
worker must work out those aspects of the problem that are amenable to quanti- 
tative analysis and report his findings to the executive. The administrator must 
then combine these findings with the qualitative aspects to form a basis for the 
final decision. This decision must be made by the executive officer.” 


It is not unreasonable to expect that the methods described here will find wider 
application and be brought to bear on many problems outside the strictly military 
field. A general understanding of the principles of this form of research, its 
applicability, limitations and utility would be a profitable addition to most 
“executives’” store of knowledge. 


499 


1e q 
r- 
et 
od 
er 
Vv, 
rs 
‘ 
Is 
a 
)- 
1e 
1- 
1S 
of 
|| 
XU 


BOOK REVIEWS 


“THE ENGINEERING METHOD” 


By CuHartes Lounssury FisH 


Publisher: STANFORD UNIVERSITY PRESS, STANFORD, CALIFORNIA; 1950 


The material presented in this book was originally published as part of “The 
Engineering Profession” (by Hoover and Fish, Stanford University Press; 1941; 
2nd Edition, 1950). The book presents the system of logic and reasoning that an 
engineer must use, and is intended to be of use to the engineering student or recent 
graduate, and to experienced supervisory engineers in furnishing guidance to their 
engineering assistants. 

The book is written in a very clear and direct manner. It is divided into three 
sections. The first, “The Method of Engineering,” begins with several pages on 
logic and engineering reason, then presents some preliminary definitions, and finally 
presents the various steps in the engineering method, using as examples some very 
excellent nontechnical problems. 


The second section, “Application of the Engineering Method,” discusses the 
actual process of applying the engineering method to practical problems. Four 
problems are solved, starting with that of determining the hypotenuse of a right 
triangle and ending with the selection of the source of water supply for the city 
of San Francisco. 


The final section presents various examples of uncertainties that an engineer is 
of necessity confronted with, together with a description of typical methods of 
dealing with them. 


This is an excellent book and one which is highly recommended for young 
engineers. 


THE ANALYTICAL BALANCE, ITS CARE AND USE 


By MarRSHALL MACNEVIN 


Publisher: HANpBooK PuBLIsHERS, INc., SANDUSKY, OHIO; 1951 


This book, termed a monograph by its author, was written in response to many 
requests received by the author for information about the balance. It describes the 
component parts of a balance, the methods of mounting, cleaning and assembling, 
and the testing and adjusting of a balance. It also contains a very clear discussion 
of how to use a balance, which will be of interest to technical workers who have had 
little or no training in the use of such equipment. 
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“GRAPHICAL METHODS FOR POWER ESTIMATION 
OF FISHING BOATS” 


By Atsusui Takaci, TAKAO INuI, and SHo1icH1 NAKAMURA 


Publisher: FisHer1tEs AGENCY, KASUMIGASEKI, CH1yopA-Ku, Tokyo, JAPAN 


Fishing craft, compared with other ships, have a comparatively large beam and 
draft in proportion to their length, and hence the displacement-length ratio is con- 
siderably higher than is usually found in the design of ships. Moreover the speed- 
length ratio is high and Froude’s number exceeds that of ordinary merchant ships. 
Accordingly the wave-making resistance forms the major part of the total resistance. 


Because of the very high displacement-length ratios involved, Taylor’s standard 
series charts cannot be applied. At the same time very little experimental data are 
available to provide comparable information for ships of this type. 


This book reports on model experiments of tuna and bonita clippers and presents 
an extensive series of charts applicable to such fishing boats. The book is written 
in English. 


CONTROLS SERVICE 


Publication of a new weekly “Controls Service,” indexing and digesting the 
welter of new price, production and distribution regulations, has just been 
inaugurated by the Journal of Commerce. This new service consists of Master 
Editions of all-inclusive “Controls Guide” at six-week intervals, and weekly “Bul- 
letin Summaries” designed to keep each master edition constantly up-to-date. The 
newest Master Edition has just been issued, containing an Index showing the 
restrictions now in effect on 1,697 different products and services, and the digest 
of 82 control regulations and their amendments. A timetable outlining “What’s 
Ahead in Controls” is also included on a range of 32 product groups. Subscriptions 
to this weekly Controls Service may be had at $25 per year from the New York 
Journal of Commerce, 63 Park Row, New York 15. Master Editions of the 
“Controls Guide” are $1 each. 
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CHANGES IN MEMBERSHIP 


It is with great pleasure the announcement is made that the following new mem- 
bers have been admitted since the publication of the February, 1951, JourNAL: 


NAVAL 


Allen, Kenneth Wayne, Lieutenant, j.g., U.S.N.R., 
USS T. E. Chandler, % FPO, San Francisco, Calif. 


Amsler, Martin R., Lieutenant, j.g., U.S.N.R., 
RCA Victor Div., Bldg. 15-4, Camden, N. J. 


Anderson, Ray Gustan, Lieut. Commander, U.S.N.. 
86 Spring St., Lexington 73, Mass. 


Aroyan, George Francis, Lieutenant, j.g., U.S.N.R., 
10 Knollwood Road, Squantum 71, Mass. 


Brown, Robert Jasper, Lieutenant, j.g., U.S.N.R., 
Manager, Washington Office, Electronics Dept. 
General Electric Co., 806 15th St., N.W., Washington, D. C. 


Cochran, Charles Henry Allen, Lieutenant, j.g., U.S.N.R., 
Westinghouse Electric Corp., 1625 K St., N.W., Washington, D. C. 


Day, Vernon E., Captain, U.S.C.G., 
80 Lafayette St., New York 13, N. Y. 


Donald, H. Gordon, Captain, U.S.N., Ret., 
4950 Quebec St., N.W., Washington, D. C. 


Freile, Ormond, Commander, U.S.N.R., 
Owner, Freile Associates, 525 Union Trust Bldg., Washington, D. C. 


German, John Peter, Commander, U.S.C.G., 
7th CG Dist. Office, 2610 Tiger Tail Ave., Miami 33, Fla. 


Hingsburg, Frederick Charles, U.S.C.G., 
7 Glen Ave., Newton Centre 59, Mass. 


Hoblit, Ernest D., Ex. Lt. Commander, U.S.N., 
Engineering Representative, Bogue Electric Mfg. Co. 
Mail: 395 Central Ave., Hackensack, N. J. 


Jones, Morris C., Captain, U.S.C.G., 
1119 New World Life Bldg., Seattle 4, Wash. 


Latimer, John Patterson, Lieut. Commander, U.S.C.G., 
741 So. Florida St., Arlington, Va. 


Macaulay, W. S. R., Admiral, U.S.N., Ret., 
1736 Lexington Parkway, Schnectady, N. Y. 


Malim, Thomas William, Ensign, U.S.N.R., Marine Engineer, 
778 Lakeview Ave., San Francisco, Calif. 
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Mathison, Francis Christy, Lieutenant, j.g., U.S.N.R., 
2010 Klingle Road, N.W., Washington, D. C. 


Mavor, James Watt, Jr., Lieutenant, j.g., U.S.N.R., 
Asst. Prof. Dept. of Marine Engineering, Naval Academy, Annapolis, Md. 


Miner, John H. E., Ex. Lieutenant, U.S.C.G., 
Machinery Design Div., Newport News SB & DD Co. 
Mail: 633 Brooke St., Newport News, Va. 


Morrison, Donald McGregor, Commander, U.S.C.G., 
Chief, Engrg. Div., 17th C.G. Dist., Juneau, Alaska 


Powders, Howard F., Lieutenant, U.S.N.R., 
Aviation Rep. American Steel & Wire Co. 
Rockefeller Bldg., 1231, Cleveland 13, Ohio 


Pryor, William Lee, Jr., Captain, U.S.N., 
3325 20th St., N., Arlington 7, Va. 


Queer, Elmer Roy, Commander, U.S.N.R., 
Director of Research, Engineering Experiment Station 
State College, Pa. 


Rusek, Joseph John, Lieutenant, j.g., U.S.N., 
Pac. Res. Flt. U.S. Naval Station, San Diego, Calif. 


Ryssy, John Wilfrid, Captain, U.S.C.G., 
U.S.C.G. Headquarters, (5-5) Washington, D. C. 


Scholl, Henry Undercofler, Commander, U.S.C.G., 
Chief Engineering Div., 11th C.G. Dist., Long Beach, Calif. 


Stevens, Robert H., Commander, U.S.N.R., Engr. L.A., Young Spring and Wire 
Corp. 
Mail: 14634 Warwick Road, Detroit 23, Mich. 


Stewart, Richard Lewis, Lieut. Commander, U.S.N.R., Production Expediter, 
Maryland Dry Dock Co., Baltimore, Md. 
Mail: 208 W. Laurens St., Baltimore, Md. 


Taylor, Kenneth Elliott, Commander, U.S.N.R., Director, Mech. Engrg. Dept. 
West Coast University, Los Angeles, Calif. 


White, Edward Alexander, Lieutenant, U.S.N., 
USS Monterey (CVL 26) % NAS, Pensacola, Fla. 


Whitgrove, Leland DeWar, Captain, U.S.N., 
Code 701, Bureau of Ships, Navy Dept., Washington, D. C. 


Williams, Robert Nathaniel, Commander, U.S.C.G., 
Room 240, Old Custom House, 815 Olive St., St. Louis, Mo. 


Zell, Donald David, Ensign, U.S.N., 
USS Cambria (APA 36) % Fleet P.O., New York, N. Y. 
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CIVIL 


Aiken, William Loughridge, In Charge Marine Engrg., 
SKF Industries, Inc., 
Mail: 2913 Mapleshade Road, Ardmore, Pa. 


Anderson, William Benton, Manager, Aviation Gas Turbine Div., 
Westinghouse Electric Corp. 
Mail: 306 S. Norwinden Drive, Springfield, Del. Co., Pa. 


Ausema, Cornelius, Manager, Marine Sales, Crane Co., 
836 S. Michigan Ave., Chicago 5, IIl. 


Bachman, Walter Crawford, Asst. Chf. Engr., Gibbs & Cox, Inc., 
Mail: Wayside, Short Hills, N. J. 


Barkley, William James, Executive Vice President, Collins Radio Co., 
Room 1535, 11 W. 42nd St., New York 18, N. Y. 


Brunner, Harry Charles, Marine Engineer, 
Westinghouse Electric Corp., E. Pittsburgh, Pa. 


Brunson, Virgil Arthur, Chf. Engr., Blackmer Pump Co., 
Grand Rapids, Mich. 


Bukzin, Elliott Abraham, Sr. Materials Engineer, 
Bureau of Ships, Navy Dept., 
Mail: 34-L Ridge Road, Greenbelt, Md. 


Chase, Harold J., Application Engineer, Fed. & Marine Div., 
General Electric Co., Schenectady, N. Y. 


Clair, John Daniel, Liaison Engr., Ford Instrument Co., 
31-10 Thomson Ave., Long Island City, N. Y. 


Dickover, M. Ward, Chf. Engr., Industrial Div., Gould National Batteries, Inc., 
35 Neaga St., Depew, N. Y. 


Duncan, John McKim, Govt. Sales Engr., 
B. F. Goodrich Co., 1112 19th St., N.W., Washington, D. C. 


Gill, Charles F., Washington Rep., Capehart-Farnsworth Corp., 
1025 Connecticut Ave., N.W., Washington, D. C. 


Heindel, Richard A., Product Manager, Joy Mfg. Co., 
New Philadelphia, Ohio 


Hines, Earle D., Special Representative, 
Raybestos-Manhattan, Inc., Passaic, N. J. 


Hogan, John Xavier, Marine Engr., J. C. Patterson, Jr., Co., 
835 Washington Bldg., Washington, D. C. 


Jacklin, Harold Madison, Jr., Civilian Head Section, 
Code 518, Bureau of Ships, Navy Dept., Washington, D. C. 


Jenkins, Chester P., Asst. Chf. Engineer, Joy Mfg. Co., 
Mail: 120 North Ave., N.W., New Philadelphia, Ohio 
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Johnson, Carl Edmund, Chf. Product Engineering, 
Scaife Co., Oakmont, Pa. 
Mail: Box 242, RD 2, Verona, Pa. 


Kepner, Walter William, Application Engr., Westinghouse Electric Corp., 
3001 Walnut St., Philadelphia, Pa. 


McCabe, Henry J., Jr., Chf. Engr., SS Katheryn A. H. Bull, 
Mail: 48 Sanford Place Staten Island 14, N. Y. 


Mancha, Raymond, Vice President, Joy Mfg. Co., 
318 Oliver Bldg., Pittsburgh 22, Pa. 


Moise, James DeLeon, Application Engr., Westinghouse Electric Corp., 
1625 K St., N.W., Washington, D. C. 


Nelson, Richard Ernest, Development Engr., Blackmer Pump Co., 
Mail: 1809 Century Ave., Grand Rapids, Mich. 


Parker, James Bruce, Development Engr., ALCOA, 
Aluminum Club, New Kensington, Pa. 


Platts, Edmund Maxson, Executive Vice President, Joy Mfg. Co., 
333 Oliver Bldg., Pittsburgh 22, Pa. 


Porter, Carl W., Mech. Engr., J. C. Patterson, Jr. & Co., 
Washington Building, Washington, D. C. 


Robeau, Joseph Edward, Sr., Ship Surveyor, Inspector, 
Gen. MSTS, Gulf., New Orleans, La. 


Schroeder, Charles, Director of Engineering, 
Yale & Towne Mfg. Co., Philadelphia, Pa. 


Shealor, Walter Holmes, Field Engr., The Timken Roller Bearing Co., 
823 Transportation Building, Washington, D. C. 


Smith, James Lester, Mech. Engr., Puget Sound Naval Shipyard, 
Mail: 238 Willow St., Bremerton, Wash. 


Soucek, Romus, Application Engr., Dept. Aviation Gas Turbine Div., 
Westinghouse Electric Corp., Lester Branch, P. O., Philadelphia 13, Pa. 


Stancliff, Gilbert Lee, Jr., Manager, Washington Office, Vickers, Inc., 
Hibbs Building, 725 15th St., N.W., Washington, D. C. 


Stapleton, George Michael, Manager of Engineering, Ward Leonard Electric Co., 
115 So. McQueston Parkway, Mount Vernon, N. Y. 


Strathdee, Wallace B., Manager, Marine Industrial Application Engineering 
Depts., Westinghouse Electric Corp., 10 High St., Boston, Mass. 


Troller, Theodore H., Vice President, Engineering, Joy Mfg. Co., 
333 Oliver Building, Pittsburgh 22, Pa. 


Vaill, Curtis M., Director of Electric Sales, Eastern Area, 
American Steel & Wire Co., 71 Broadway, New York 6, N. Y. 


Warren, Richard M., Chf. Draftsman, New York Shipbuilding Corporation, 
Mail: 4424 Benner St., Philadelphia 24, Pa. 
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Welsh, Robert B., Manager, Communications & Aviation Engineering, 
RCA Victor Div., 
Mail: 427 Euclid Ave., Haddonfield, N. J. 


Wentworth, Harry T., Chf. Engr., Atlas Valve Co., 
280-284 South St., Newark, N. J. 


ASSOCIATE 


Anderson, Henry A., Manager, Coupling Dept., John Waldron Corp., 
P. O. Box 791, New Brunswick, N. J. 


Beach, George Albright, Application Engr., Westinghouse Electric Corp., 
1625 K St., N.W., Washington, D. C. 


Bonet, Leopoldo Rafael, Lieutenant, (NA), Argentine Navy, 
San Martin 285, Punta Atta, Prov. de Buenos Aires, Argentina 


Fish, James F., Rep., Fram Florida, Inc., 
100 Stockton St., Jacksonville, Fla. 


Georgoussopoulos, B., Lieutenant, (E), R.H.N., 
H.H.M.S. Andria, Ministry of Marines, Greece 


Hall, DeLancey Medbury, Sales Engr., Harrison Radiator Div., GMC, 
Mail: 25 Grant St., Lockport, N. Y. 


Hazen, A. E., American Boiler Works, 
Front & State Sts., Erie, Pa. 


Herbst, John A., Vice President, Bogue Electric Mfg. Co., 
52 Iowa Ave., Paterson, N. J. 


Honish, John Koerber, Bakerlite Div., Union Carbide & Carbon Corp., 
30 E. 42nd St., New York 17, N. Y. 


Hughes, Philip G., Marine & Electroriics Dept., Westinghouse Electric: Corp., 
1625 K St., N.W., Washington 6, D. C. 


Jourdain, Morcel Charles, Commander, French Navy, 
Institut de Recherches de la Construction Navale, 
1 Boulevard Haussmann, Paris, France 


Kincaid, Albert Edwin, Jr., Owens Corning Fiberglass Corp., 
806 Connecticut Ave., N.W., Washington, D. C. 


Lawrence, Leroy Cruttenden, Salesman, American Steel & Wire Co., 
1625 K St., N.W., Washington, D. C. 


Mohn, Louis, Vice President, 
Garlock Packing Co., Palmyra, N. Y. 


Morgan, Kenneth F., Manager, Govt. Sales, 
Western Electric Co., 120 Broadway, New York, N. Y. 


Newcomb, Benjamin R., President & General Manager, 
John Waldron Corp., New Brunswick, N. J. 
Mail: 104 Piedmont Drive, Bound Brook, N. J. 
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Palmer, Charles Frank, Jr., Dist. Manager, Phila. Office Garlock Packing Co., 
Mail: The Drake, Philadelphia, Pa. 


Pauther, Alfred J., Service Engr., (Submarine) Gould National Batteries Co., 
Depew, N. Y., 
Mail: 2113 Como Park Boulevard, Lancaster, N. Y. 


Perring, John Harold Hepworth, Commander, (E) R.N., 
British Navy Staff, 1910 K St.., Washington, D. C. 


Reilly, Edward J., Wash. Rep., Harrison Radiator Div., GMC, 
Lockport, N. Y. 


Roher, Howard C., Barr Building, Washington, D. C. 


Scherman, Roy Elis Edvard, Lieut. Commander Swedish Navy, 
_ Swedish Embassy, 2247 R St., N.W., Washington, D. C. 


Schinman, Edward Paul, President, Bogue Electric Mfg. Co., 
52 Iowa Ave., Paterson, N. J. 


Van Horn, Frank J., Asst. Sales Mfg., 
Harrison Radiator Div., GMC, Lockport, N. Y. 


Whitney, J. R., Western Electric Co., 
713 Cafritz Building, Washington, D. C. 


Williamson, Earl C., President, Fram Florida, Inc., 
100 Stockton St., Jacksonville 3, Fla. 


THE FOLLOWING HAVE RESIGNED: 


NAVAL 
Lt. Commander R. B. Goodman, Jr., U.S.N.R. 


CiviL 
John F. Nichols 


ASSOCIATE 
Commander J. E. Best, R.N. 
Captain Frederick G. S. Bowring, R. N. 
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ORIGINAL ARTICLES 


The editor of the JouRNAL is most anxious to obtain manuscripts of original 
articles on subjects of interest to naval engineers. Any manuscript accepted for 
publication becomes the property of the Society which copyrights it upon publica- 
tion. Authors are paid from $40.00 to $150.00 depending upon length, interest and 
professional value. 


The rules for manuscripts are as simple as we can make them. 


1. They must be legible (typewritten, double-spaced preferred) since no proof 
is submitted to authors for correction prior to printing. 


2. Single copy only is required. 


3. Mathematical formulae used must be set up, preferably by hand printing, so 
that there can be no question as to symbols, subscripts and exponents. 


4. Any drawing submitted must be black on white. A cloth or paper tracing is 
acceptable but not required. 


5. Photographs may be negatives, but glossy prints are acceptable. 


6. Include on a separate page a short biographical sketch(es) of the author(s). 
50 to 100 words for each author is desired. 


Manuscripts should be mailed addressed to: 


Secretary-Treasurer 

American Society of Naval Engineers 
605 F St., N. W. 

Washington 4, D. C. 


Manuscripts accepted will not be returned unless specifically requested by the 
author. If returned, they will be in the condition which has resulted from the 
work of the printer and the engraver. Immediately following publication, the 
author is furnished 10 reprint copies of his article free of charge. Additional 
copies may be purchased from the Society if the request is received 30 days prior 
to the publication date which is the 25th of the issue month. Estimate of cost of 
additional reprints, which will vary with the nature of the article and the num- 
ber of copies ordered, will be furnished on request as soon as possible after the 
article is set up. 


Manuscripts not accepted will be returned, postpaid, by the Society. 


Manuscripts which are accepted will be published in the earliest JourNaL 
which has not yet been closed (60 days before publication) and for which insuffi- 
cient material is already on hand. 
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SuBJEcT MATTER AND AUTHORS 


To assist the editor in programming future issues, the help of all members is 
solicited. To make it easy, the last page in this issue is readily detachable as you 
will find. This page has blanks for two entries. 

(a) What subject would you, as a member, like to see covered by an article 
in the JOURNAL. 
and 
(b) Who do you consider best qualified to prepare such an article authorita- 
tively, and what is his address (if you know). 

Any of these forms which are filled in and mailed to the Society will be 
received with thanks and the editor will follow up to get the suggested articles 
prepared. 


PHOTOGRAPHS 


Photographs of current or historical interest to readers of the JouRNAL are 
desired. Any which are accepted by the Society will be purchased by the Society 
at a standard price of $5.00 each. Such purchase will not include any copyright 
by the Society, but the contributor must hold the Society free from any charge 
of violation of any previous copyright. 


NOTICE OF DEATHS 


The Society has no satisfactory machinery for obtaining notice of deaths of 
members. It is particularly desired that we receive such notice upon the death of 
any past officer, past member of the Council or member of more than twenty 
years’ standing with photographs and short obituaries. It will be appreciated 
greatly if any member who learns of the death of a member will advise the 
Secretary-Treasurer. 


SOCIETY LAPEL BUTTONS 


Shown below is an illustration of the lapel button of the Society. It is believed 
that it will be conceded that this is a very fine dignified insignia. It is one-half 
inch in diameter. 


The oak leaves and lettering are red on a gold background. 


It is available to all members at fifty cents (50c) each. 
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LIFE MEMBERSHIPS 


Any member may now purchase a life membership under the following rules: 


(a) Any dues paid for the year in which life membership is purchased will 
be credited to the cost of the life membership. 


(b) Life memberships are non-transferable and terminate with the death 
of the member. 


(c) No refund will be made on account of death or resignation of a life 
member. 


(d) Life membership will vary in cost with the age of the member at his 
next birthday following application, as follows: 


(e) All life memberships paid in shall be protected by a transfer on the 
books of the Society of Series G, U. S. Government 2% per cent bonds. Thus 
a life membership will be established. It will be credited with moneys paid 
in for life memberships and debited with the regular amount of annual dues for 
each life member each year. 


LOCAL CHAPTERS 


Local Chapters of the American Society of Naval Engineers may now be author- 
ized by the Council. The following rules for recognition of Local Chapters have 
been adopted by the Council: 


(a) Twenty or more regular members, Naval or Civilian, may apply for 
a Charter as a Local Chapter. 


(b) Each application must be accompanied by a list of members and a copy 
of local By-laws. The latter must meet the following minimum requirements. 


1. All financial dealings of the local Chapter must be independent of the 
Society and can in no way obligate the Society as a whole. The local chapter 
shall set up on a non-profit basis. All accounting shall be local. 


2. Each active local Chapter shall receive from the Society a grant of 
$0.50 per year for each naval member, civil member or associate who resides 
in the local area and who associates himself with the local Chapter. This 
grant may be used by the local Chapter to defray any necessary expenses, 
including (a) Letterheads, (b) Notice cards, (c) Postage, (d) Minimum rental 
allowance, (e) Secretarial service (part time). 
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3. Any technical papers presented at local chapter meetings, shall be sub- 
mitted to the Secretary-Treasurer of the Society for consideration for publi- 
cation in the JourNAL. Any paper accepted will be paid for at regular rates. 


4. Each local chapter shall submit a quarterly report of its activities to 
| the Secretary-Treasurer. These reports must reach Washington, D. C. prior 
to 15 January, 15 April, 15 July and 15 October. This report shall contain 
a list of active local members as of the first day of the quarter for the pur- 
pose of computing the amount of grant. 

5. Associate members of the Society shall be eligible for membership in a 


Local Chapter, entitled to all the privileges of other members except voting 
and holding office. 
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ADVERTISEMENTS 


UNDERSEA POWER Diesel-Electric driven 


Noteworthy for its smooth, lean lines, this guppy-type 
submarine of the U. S. Navy is powered with General 
Motors Diesel-Electric Drive. Supremely reliable and 
instantly responsive, GM Diesel engines have long been 
your wisest choice for spacesaving, dependability and 
economy. For 39 years, in fact! 


Leader in Diesel engineering development for 39 years 


Cleveland Diesel Engine Division 


CLEVELAND 11, OHIO 
GENERAL MOTORS 


DIESEL 
POWER 

ENGINES FROM 

150 TO 2000 H.P. 


General Motors 
Diesel-Electric Drive 
has powered more 
than 700 vessels in 
22 different classi- 
fications 


: 


for salt-water lines 


In the experience of Michael E. Wuensch, 
President, Boro Marine & Industrial Corp., of 
New York:“In some types of vessels, corrosion 
of the piping for circulating salt water is so 
severe as to constitute the biggest mainte- 
nance problem. We have found that it is 
sound, practical economy to install ANACONDA 
Super-Nickel 702 for salt-water piping be- 
cause this 70-30 copper-nickel alloy is the 
most durable material we have ever used 
for this purpose.” 

Naval and marine architects recommend 
this alloy for salt-water piping because, from 
the Navy's wartime experience, they know 
that its superior corrosion resistance assures 
long service, with freedom from maintenance 
costs and lay-ups in repair yards. 

Let Anaconda’s Technical Department con- 
sult with you on the many maintenance-cutting 
applications of ANACONDA Copper Alloys for 
marine use. Just write to The American Brass 
Company, Waterbury 20, Connecticut. 511214 


Super-Nickel 702 


Fabricating a 20” x 24” 
16" main injection 

pipefrom/nacondA 
Super-Nickel702 for wherever corrosion resistance counts—consider 


salt-water circulating 
ANACONDA <° 


system ofa C-3 ship. 


the leading manufacturer of 
SHORAN ...LORAN... TELERAN... 
RADAR... RADAR ALTIMETERS ... 
SONAR... BATTLE ANNOUNCE and 
RADIO COMMUNICATIONS EQUIPMENT 


GOVERNMENT EQUIPMENT SECTION ; 
RADIO CORPORATION of AMERICA 


ENGINEERING PRODUCTS DEPARTMENT, CAMDEN, N.J. 


@ 


“BUILT TO 
OUTLAST 


used 
mend 
from 
know 
ve Worthington Equipment 
Is Outstandingly Rugged, 
me Dependable and Economical 
s for 
51121A Compressors 
Diesel Engines 
Turbines & Turbo-Generator Sets 
Centrifugal 
ugal, Steam, Power, 

DYS Vertical Turbine & Rotary Pumps 
= Condensers, Ejectors & Deaerating 
Water Heaters 


Air Conditioning 
& Refrigerating Equipment 


Liquid Meters 


For details proving ‘‘there’s more 
worth in Worthington,’’ contact 
Worthington Pump & Machinery 
Corporation, Marine Division, 
Harrison, N. J. 


WORTHINGTON 


World’s Broadest Line of 
Engine Room Auxiliaries 
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ADVERTISEMENTS 


-A Good Name 
on Land OR Sea! 


HE ALLIS-CHALMERS NAMEPLATE continues in prom- 
inence on the fighting and supporting ships of our 
marine arm, Proven on all types of craft in World War 
II, Allis-Chalmers equipment is again in action with 
today’s fleet. Newly developed equipment will play an 
increasingly important role in the flect of tomorrow, 


on and below the surface. 


MAIN PROPULSION UNITS * ALL TYPES 
OF PUMPS * MOTORS AND CONTROLS 
CONDENSERS AND AIR EJECTORS 
LIGHTING SETS * GENERATORS 


A-3375 


Baby flat-top, using 
Allis-Chalmers main pro- 
pulsion unit, main con- 
denser, lighting set, 
auxiliary condenser, air 
ejectors, motors, control, 
and pumps. 
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the heart of a good ship. 


aiR 
HEATERS COMBUS. 
CONDENSERS— MAIN, . 
DISTILLERS - ECONOMIZERS EXPANSION JOIN 
MARINE STEAM GENERATORS - : HEATERS + FLUE G 
-ATING OIL HEATERS MARINE ST BRATORS - STEAM JET 
JEATERS —STEAM WATER WALLS—#UR CONDENSERS WASTE 
RS— DIESEL EXHAUST + AIR EJEG i * BOMERS— 
R TUBE AND WASTE HEAT - B 
TROL SYSTEMS AND TEMPERATY® 
\ARY, GLAND STEAM AND AT) 
RATORS EXPANSION D FEE 
EWEATERS FLUE 


iD STEAM AND At. 


* COMBUSTION 
EVAPORATORS 


{ RHEATER’ 
EL EXHA’ 


PRERIC DISTILLEP 
‘TERS HEAT EXCHANGERS - 
SAS EJECTORS LUBP” 
° STEAM JET AIR EJ" 
WASTE 
* Because so much depends on a ship's steam 
generating equipment—source of all power 
for propulsion, light and heat—boiler room 
equipment must be selected on the basis of 
° dependability, reserve capacity, and ruggedness 
of construction. 
Foster Wheeler Steam Generators, Condensers, 
Evaporators, Heat Exchangers, and other steam 
3 auxiliaries have withstood the test of time and service 
. in many thousands of marine and stationary installations 
. over scores of peacetime and wartime years. 
Foster Wheeler engineering and production facilities 
stand ready to meet the varied and exacting demands 
of peacetime shipping, or the emergency requirements 
of our Naval, Maritime, and Coast Guard services. 


FOSTER WHEELER CORPORATION - 165 BROADWAY, NEW YORK 6, N. Y. 


FostER WHEELER. 
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You Can Depend on I-R 
MARINE PUMPS 


FOR LOW MAINTENANCE, SUSTAINED EFFICIENCY 
AND CONTINUOUS PERFORMANCE 


Ingersoll-Rand has a background in the design and 
application of marine pumps that dates from 1860. 
This vast experience, and the company’s modern 


manufacturing and research facilities, enables I-R 


engineers to help you select the most efficient pump, 
of the proper materials for any pumping service 
aboard ship. 

The complete line includes horizontal and vertical 
centrifugal pumps for boiler-feed, condenser circulat- 
ing, condensate, fire, Butterworth, sanitary and main 
cargo service. Consult an Ingersoll-Rand Marine spe- 
cialist for the answers to your pumping requirements. 


Ingersoll-Rand 


Cameron Pump Division 


480-10 11 BROADWAY, NEW YORK 4, N. Y. 


PROVEN IN THE SERVICE 


For 59 years, Cutler-Hammer, Pioneer Electrical Manufacturer, has furnished 

dependable control to all departments of the United States government. Built to 

specifications . . . backed by an outstanding record of performance. 
CONTROL APPARATUS FOR ALL MARINE USES 


Motor Control for Every 


Magnetic Brakes, 

Motor Operators for Valves, 
Limit Switches, 

Solenoids, Rheostats, 


Service. Ventilating Fans, Pum Cargo Wirches, Capstans, 
Windlasses, at. 


Pressure Regulators, 
Magnetic Clutches, 
Watertight Door Control, 
Pushbuttons 


CUTLER-HAMMER, Inc., 1354 St. Paul Avenue, MILWAUKEE 1, WIS. 


% 
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CUTLER - HAMMER 
== MOTOR CONTROL == 
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S.S. Independence Auxiliary Power 
Furnished by G-E Turbine-Generators 


The new “SS Independence’”’ —-first big 
American passenger ship in more than 
ten years. Designed and built by Beth- 
Jehem Steel in co-operation with Ameri- 
can Export Lines’ operation department, 
the Independence is America’s newest, 
fastest and smartest express liner. Elec- 
tric power is used extensively for such 
diverse operations as cargo conditioning, 
circulating ice water, driving winches, 
air conditioning, refrigeration, and laun- 
dry. To handle this big demand, General Electric turbine- 
generators, motors, and control are being used for a large part of 
the auxiliary requirements. Above right, a view of a G-E con- 
trol panel set-up facing one of the two big 1100-kw G-E turbine- 
generators which furnish auxiliary power to the more than 300 
motors aboard the crack, new liner. General Electric Company, 
Schenectady, New York. 
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Photograph courtesy of Cummins Engine Company, Inc., Columbus, Indiane 


Tire-shaped rubber packing rings for cylinder liners in 
Cummins diesel engines are small but important. They 
provide a seal between oil and water — a seal that must be 
perfect whether the engine is cold or operating at hgh 
temperatures. Moreover, these rubber rings must stand up 
for at least the equivalent of 100,C00 miles of operation. 

These severe operating requiremen‘s presentcd a rubber 
problem with exacting specifications. Resistance to sustained 
heat. Controlled swell in oil. Exceptional compression quality. 
Precision tolerances. 

The successful solution of this problem is typical of the 
“service in rubber” offered by Continental. 

When you need rubber parts, why not enlist the assistance 
of specialists? 
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U. S. NAVAL INSTITUTE 


FOUNDED IN 1873 


“FOR THE ADVANCEMENT OF PROFESSIONAL, LIT- 
ERARY, AND SCIENTIFIC KNOWLEDGE IN THE NAVY” 


U. S. NAVAL INSTITUTE PROCEEDINGS 


PUBLISHED MONTHLY, ILLUSTRATED EXTENSIVELY, FOR OVER 
SEVENTY-FIVE YEARS HAS BEEN THE NaAvy’s Forum. 


MEMBERS OF THE AMERICAN 
SOCIETY OF NAVAL ENGINEERS 


Should read the PROCEEDINGS for pleasure and profit. The 
issues contain anecdotes and reminiscences, incidents from his— 
tory and essays on topics of naval interest, technical articles and 
treatises on naval development and progress, book reviews and 
discussions, and international and professional notes. Member— 
ship dues (including PROCEEDINGS), $3.00 a year. Subscrip- 
tion rate, $5.00 a year. (Foreign postage, $1.00 extra.) Single 
copies 50 cents (except some scarce issues). 


APPLICATION FOR MEMBERSHIP 


SECRETARY—TREASURER 
U. S. NAVAL INSTITUTE 
ANNAPOLIS, MARYLAND 

I hereby apply for membership in the U. S. Naval Institute 
and enclose $3.00 in payment of dues for the first year to begin 
issue of the PROCEEDING (the monthly 
magazine of the U. S. Naval Institute). 

I am interested in the objects and purposes of the Institute, 
namely, the advancement of professional, literary, and scientific 
knowledge in the Navy. I am a citizen of the United States and 
understand that members are liable for dues until the date of 
receipt of their written resignations. 
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ADVERTISEMENTS 


BETHLEHEM STEEL COMPANY 
Shipbuilding Niviston 


NAVAL ARCHITECTS AND MARINE ENGINEERS 


SHIPBUILDING YARDS 


QUINCY YARD 
Quincy, Mass. 


STATEN ISLAND YARD 
Staten Island, N. Y. 


BETHLEHEM-SPARROWS POINT 


SHIPYARD, INC. 
Sparrows Point, Md. 


BEAUMONT YARD 
Beaumont, Texas 


SAN FRANCISCO YARD 
San Francisco, Calif. 


SAN PEDRO YARD 
Terminal Island, Calif. 


SHIP REPAIR YARDS 


BOSTON HARBOR 
Boston Yard 


NEW YORK HARBOR 
Brooklyn 27th Street Yard 
3rooklyn 56th Street Yard 

Hoboken Yard 

Staten Island Yard 


BALTIMORE HARBOR 
Baltimore Yard 


GULF COAST 


Beaumont Yard 
(Beaumont, Texas) 


SAN FRANCISCO HARBOR 
San Francisco Yard 


SAN PEDRO HARBOR 
(Port of Los Angeles) 


San Pedro Yard 


General Offices: 25 Broadway, New York 4, N. Y. 


On the Pacific Coast shipbuilding ard shin repairing are performed by the Shipbuilding Division of 
Bethlehem Pacific Coast Stee! Corporction 
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Worldwide Experience 


While |. T. & T.'s associate companies 
abroad are contributing to the re- 
habilitation and expansion of com- 
munications in nations ravaged by the 
war, ihe technical skills of the System 
affiliates in this country are devoted 
largely to the service of the United 
States. Its American research unit, 
Federal Telecommunication Laborato- 
ries—with its unique experimental tower 
—and the factories of the Federal 
Telephone and Radio Corporation 
are united in a productive partner- 
ship dedicated to the achievement of 
better communications for the nation. 


Capehart-Farnsworth Corporation 


U. §. Research Unit—Federal Telecommunication Laboratories 


in Communications Research and Manufacture 


— in the Service of America 


INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION 
67 Broad Street, New York 4, N. Y. 
U. S. Manufacturing Subsidiaries—Federal Telephone and Radio Corporation 
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The vast experience of Ward Leonard includes 

the entire period of the application of elec- A 

tricity. Every item in the line of Ward Leonard 

controls is a product of sound engineering, at 

practical designing and careful manufacture 
. each planned to meet a specific set of 

conditions . .. 


Resistors . . Rheostats . . Relays . . Contactors the 
Motor Starters . . . Controllers . . . Dimmers. ous 


ELECTRIC CONTROL DEVICES SINCE 1892 Roy 


WARD LEONARD 
ELECTRIC CO. es 


MOUNT VERNON NEW YORK E 


Terry Marine Turbines are dependable, compact, effi- 


cient machines especially designed for driving gener- - 
ators, boiler feed pumps, fuel oil pumps, compressors, = 
etc. aboard ship. They offer the advantages of over in 
fifty years experience in the Marine Field on both ke 
Commercial and Naval. Vessels. | 

Turbines ranging from 5 to 3000 H.P. are built in De 


the Terry Solid Wheel design as well as in the Axial 
Flow, single stage and multistage types. 

Complete details on any turbine application will be 
gladly furnished. 


THE TERRY STEAM TURBINE COMPANY 
P. O. BOX 1200 HARTFORD 1, CONNECTICUT 
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Above the sea... — 


and beneath it... 


EBCo Products Help 
Strengthen Our Defenses 


In the air and under the sea, products 
of Electric Boat Company are in the first 
line of hemispheric defense. 


Super-fast (670 m.p.h.) jet fighter planes, 
F-86 “Sabres.” are being built for the 
Royal Canadian Air Force under license 
from North American Aviation, Inc., by 8 
Canadair Limited, EBCo’s subsidiary in 

Canada. Great fleet-type submarines At both the Canadair and Groton plants, 
are being produced at our yards at expert designers and technicians are 
Groton, Connecticut, and are in con- constantly at work to develop improved 
tinual operation by the U. S. Navy's airplanes and submarines to make our 
submarine service. defenses strong, our way of life secure. 


ELECTRIC BOAT COMPANY 


Submarines and PT Boats, Groton, Connecticut 


NEW YORK OFFICE ELECTRO DYNAMIC DIVISION CANADAIR LIMITED 
445 Park Avenue Electric Motors and Generators Aircraft 
New York, N. Y. Bayonne, New Jersey Montreal, Canada 


WHEREVER THERE'S A COOPER-BESSEMER 
THERE'S RELIABLE POWER! 


Navy and Coast Guard men who have had 
experience with C-B Diesels, who have de- ” snenanes 

pended upon them in action, know that 
these fine engines stand for dependability 
in its broadest sense, Perhaps they do not 
know that the outstanding performance of 
every modern Cooper-Bessemer is due in 
part to a century-old background of engine- 
building experience, This, combined with 


truly advanced engineering, has enabled 
Cooper-Bessemer Diesels to do a notable 
, job in Navy and Coast Guard vessels from 
. the biggest combat ships to relatively small 
patrol boats. Yes, you can always count on 
Cooper-Bessemers for Diesel performance 
at its finest. 


The Cooper-Bessemer Corporation 
MOUNT VERNON, OHIO — GROVE CITY, PENNA. 
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RRayTHEON has been 
leader in marine electronics 
for over 50 years. Pioneer 
in unde 
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ucts. 
RAYTHEON 


MPANY 
NUFACTURING co 
is Submarine Signal Division 


tts 
Itham 54, Massachuse' 
eee TO THE ARMED SERVICES 
J at. Off. 
*Reg. U S. Pat Dept. 6460-JA 


KINGSBURY 
THRUST BEARINGS 
Preferred through two World Wars for their 
dependability under difficult loads and speeds. 


Each ship of "Missouri" Class has 
36 Kingsbury Bearings, including the 


four main thrusts. 
Kingsbury Machine Works, Inc. Philadelphia 24, Pa. 
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TEAR OUT, FILL IN THE TWO BLANK SPACES 
SIGN AND MAIL TO: 


Secretary-Treasurer 

The American Society of Naval Engineers, Inc. 
605 F St., N. W. 

Washington 4, D. C. 


I would like to see an article in the Journat of the following 
subject: 


I suggest that 


could prepare an 


authoritative article on the above subject. 


Member 
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QUALIFICATION FOR MEMBERSHIP 


Commissioned and ex-commissioned officers of the regular Navy, Marine 
Corps and Coast Guard of the United States; warrant and ex-warrant 
officers of the regular Navy, Coast Guard and Marine Corps of the United 
States ; reserve commissioned and warrant officers of the Navy, Coast Guard 
and Marine Corps of the United States shall be eligible as Naval Members. 
Persons eligible as naval members shall be admitted upon application and 
payment of annual dues. , 


Persons in civil life whose knowledge of engineering is such that they 
can cooperate with Naval engineers in the promotion of professional knowl- 
edge may be eligible as civil members. They shall have been in the active 
practice of an engineering profession for at least eight years and in re- 
sponsible charge of important work for five years, and shall be qualified to 
design as well as to direct engineering work. Fulfilling the duties of a 
professor of engineering who is in charge of a department in a college or 
school of accepted standing shall be taken as an equivalent to an equal 
number of years of active practice. Graduation from a school of engineering 
of recognized standing shall be considered as equivalent to two years of 
active practice. Persons eligible as civil members may be admitted upon 
application and payment of annual dues, provided that the application is 
accompanied by the recommendation of two members and provided that 
the application shall receive the approval of a majority of the Council. 


Persons in civil life who are not eligible for civil membership, but who 
are especially interested in naval matters or the merchant marine may be 
eligible as associate members. Commissioned officers of the United States 
Army and of foreign military and naval services may be eligible as associate 
members. Persons eligible to associate membership may be admitted upon 
application and payment of annual dues, provided the application have the 
recommendation of a member and provided the application shall receive the 
approval of a majority of the Council, except that in the case of com- 
missioned officers of the United States Army and of foreign naval and 
military services, the recommendation of a member will not be required. 


Associate members shall be entitled to all the privileges of other mem- 
bers except voting and holding office. 


The annual dues shall be $7.50 payable on 1 January in advance. 
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APPLICATION FOR MEMBERSHIP 
IN THE AMERICAN SOCIETY OF NAVAL ENGINEERS, INC. 
Date 


I hereby make application for membership* in the American 
Society of Naval Engineers and submit the following information : 


For Naval Membership 
(First) (Middle) 


Name 
Rank File No. 


Business connection and position, if any 


For Civil Membership 


(First) (Middle) 


Name 


Years in engineering work 


Years in responsible charge of important work - 


Present business connection and position 


Recommended by (two members) 


For Associate Membership 
(First) (Middle) 


Name 
Rank, if Commissioned Officer of 

U. S. Army or of foreign mili- 

tary or Naval service 


Business connection and position 


Recommended by (one member) 


Signature of Applicant 
Address for Journal and Mail 


MAIL TO SECRETARY-TREASURER 
THe AMERICAN Soctety oF NAvAL ENGINEERS, INC. 
605 F St, N. W., Wasurncton 4, D. C. 


*See reverse side for required qualifications for various classes of membership 
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Current: 


SECRETARIES OF THE SOCIETY 


Captain J. E. Hamirton, U. S. Navy, Retired 


Past Secretaries: 


1889 P.A. Engineer R. S. Grirrin, U. S. Navy 
1890 Assistant Engineer W. M. McFarzanp, U. S. Navy 
1891 Assistant Engineer Emm Tuetss, U. S. Navy 
1892-93 P. A. Engineer W. M. McFaruanp, U. S. Navy 
1894-95 P. A. Engineer R. S. Grirrin, U. S. Navy 
1896-97 P. A. Engineer F. C. Brec, U. S. Navy 
P. A. Engineer W. M. McFartanp, U. S. Navy 
Chief Engineer A. B. Writrts, U. S. Navy 
Lt. Comdr. A. B. Wiiurts, U. S. Navy 
Lieutenant B. C. Bryan, U. S. Navy 
Lieutenant C. W. Dyson, U. S. Navy 
Lt. Comdr. Joun R. Epwarps, U. S. Navy 
Lieutenant M. E. Reep, U. S. Navy 
Lieutenant W. W. Wurrte, U. S. Navy 
Lieutenant C. K. Matuory, U. S. 
1907-08 Lt. Comdr. T. C. Fenton, U. S. 
1909-10 Lieutenant H. C. Drncer, U. S. Navy 
1911 Commander U. T. Hotmgs, U. S. 
Lieutenant Jonn Hattican, U. S. 
1912 
N 


Lt. Comdr. E. L. Bennett, U. S. 
1913 Lieutenant O. L. Cox, U. S. Navy 
1914 Lt. Comdr. H. C. Drncer, U. S. Navy 
1915-16 Lieutenant A. T. Courcu, U. S. Navy 
1917 itt Comdr. J. O. Ricarpson, U. S. Navy 
Lt. Comdr. F. W. Srertrne, U. S. Navy, Retired 
1918 Lt Comdr. F. W. Sterne, U. S. Navy, Retired 
1919 Lt. Comdr. F. W. Srerttnc, U. S. Navy, Retired 
Commander J. S. Evans, U. S. Navy 
1920 Commander J. S. Evans, U. S. Navy 
1921 Commander J. S. Evans, U. S. Navy 
Commander S. M. Rostnson, U. S. Navy 
1922-23 Commander S. M. Rostnson, U. S. Navy 
1924-25 Commander Bryson Bruce, U. S. Navy 
1926 Commander A. M. CuHartton, U. S. Navy 
1927. Commander H. B. Himp, U. S. Navy 
1928 an H. B. Ho, U. S. Navy 
Captain O. L. Cox, U. S. Navy 
1929-30 Commander H. T. Smiru, U. S. Navy 
1931 Captain O. L. Cox, U. S. Navy 
1932 Commander H. F. D. Davis, U. S. Navy 
1933-34 Commander H. B. Hirp, U. S. Navy 
1935 Commander C. S. U. S. Navy 
1936 Commander C. S. Gittetre, U. S. Navy 
Commander Rocer W. Parng, U. S. Navy 
1937. Commander Rocer W. Parneg, U. S. Navy 
1938 Commander Rocer W. Patng, U. S. Navy 
Lt. Comdr. Guy CHapwick, U. S. Navy 
1939-40 Lt. Comdr. Guy Cuapwick, U. S. Navy 
1940-44 Captain J. E. Hamitton, U. S. Navy 
1945 Commander R. T. SurHERLAND, Jr, U. S. Navy 
1945-48 Captain F. W. Watton, U. S. Navy 
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